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Aa the 
' [mpotent Eyes 


" off _laucoma 


è 99-year-old man with chronic open 
angle glaucoma’ 


e Complained of impotence after three 
months of timolol therapy 


e Patient alerted to possibility of timolol 
as cause of impotence 


l. Data available upon request. 
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e When he was switched to BETOPTIC, 
his complaints of impotence resolved 


within two weeks 


e BETOPTIC may heip break the burden 
EA ye of insidious CNS side effects (e.g. 
EW. 2 a a SRN impotence, depression, confusion, 
lethargy) 
e BETOPTIC provides reliably effective 
IOP control for your glaucoma patients 
e With its extra margin of pulmonary and 
cardiovascular safety, BETOPTIC is an 
MOS excellent choice for newly diagnosed as 
EE well as long-term glaucema therapy 





BETOPTIC is contraindicated in patientswith sinus bradycardia, greater 
than a first-degree atrioventricular block, cardiogenic shock, or patients 
with overt cardiac failure. Patients receivmg an oral beta blocker and 
BETOPTIC should be observed fompotential additive effect on known 
systemic effects of beta blockade. - 


BETOPTIC 


(betaxolol HCI) 


Sterile Ophthalmic Solution, 0.5% 


ing point for glaucoma therapy 


Please see the following page for brief summary of prescribing information. 
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Sterile Ophthalmic Solution, 0.5% 


Help break the burden of 
insidious systemic side effects. 


BETOPTIC® Ophthalmic Solution 
(betaxolol hydrochloride) 0.5% as base 


DESCRIPTION: BETOPTIC® Sterile Ophthalmic Solution contains betaxolol hydrochloride, a 
cardioselective beta-adrenergic receptor blocking agent, in a sterile isotonic solution. 


INDICATIONS AND USAGE: BETOPTIC Ophthalmic Solution has been shown to be effective 
in lowering intraocular pressure and is indicated in the treatment of ocular hypertension and 
chronic open-angle glaucoma. It may be used alone or in combination with other anti- 
glaucoma drugs. 

In clinical studies BETOPTIC safely controlled the intraocular pressure of 47 patients with 
glaucoma and reactive airway disease followed for a mean period of 15 months. However, cau- 
tion should be used in treating patients with severe reactive airway disease. 


CONTRAINDICATIONS: BETOPTIC Ophthalmic Solution is contraindicated in patients with 
sinus bradycardia, greater than a first degree atrioventricular block, cardiogenic shock, in 
patients with overt cardiac failure, and in those patients with hypersensitivity to any component 
of this product. 


WARNING: Although BETOPTIC Ophthalmic Solution has had little or no effect on heart rate 
or blood pressure in clinical studies, caution should be observed in treating patients with a his- 
tory of cardiac failure. Treatment with BETOPTIC Ophthalmic Solution should be discontinued 
at the first signs of cardiac failure. 


PRECAUTIONS: Patients who are receiving a beta-adrenergic blocking agent orally and 
BETOPTIC Ophthalmic Solution should be observed for a potential additive effect either on 
the intraocular pressure or on the known systemic effects of beta blockade. 

While BETOPTIC Ophthalmic Solution has demonstrated a low potential for systemic effect, 
it should be used with caution in patients with diabetes (especially labile diabetes) because of 
possible masking of signs and symptoms of acute hypoglycemia. Beta-adrenergic blocking 
agents may mask certain signs and symptoms of hyperthyroidism and their abrupt withdrawal 
might precipitate a thyroid storm. 

Consideration should be given to the gradual withdrawal of beta-adrenergic blocking agents 
prior to general anesthesia because of the reduced ability of the heart to respond to beta- 
adrenergically mediated sympathetic reflex stimuli. 


Pulmonary: BETOPTIC Ophthalmic Solution, a cardioselective beta-blocker, has produced 
only minimal effects in patients with reactive airway disease; however, caution should be exer- 
cised in the treatment of patients with excessive restriction of pulmonary function. 


Drug Interactions: Although BETOPTIC Ophthalmic Solution used alone has little or no 
effect on pupil size, mydriasis resulting from concomitant therapy with BETOPTIC Ophthalmic 
Solution and epinephrine has been reported occasionally. 

Close observation of the patient is recommended when a beta-blocker is administered to 
patients receiving catecholamine-depleting drugs such as reserpine, because of possible 
additive effects and the production of hypotension and/or bradycardia. Caution should be exer- 
cised in patients using concomitant adrenergic psychotropic drugs. 


Ocular: In patients with angle-closure glaucoma, the immediate treatment objective is to re- 
open the angle by constriction of the pupil with a miotic agent. Betaxolol has no effect on the 
pupil; therefore, BETOPTIC Ophthalmic Solution should be used with a miotic to reduce ele- 
vated intraocular pressure in angle-closure glaucoma. 

As with the use of other antiglaucoma drugs, diminished responsiveness to BETOPTIC 
Ophthalmic Solution after prolonged therapy has been reported in some patients. However, in 
one long-term study in which 250 patients have been followed for a mean period of two years, 
no significant difference in mean intraocular pressure has been observed after initial 
stabilization. 

Pregnancy and Nursing: As with any drug, BETOPTIC Ophthalmic Solution should be used 
in pregnant or nursing women only when the anticipated benefits outweigh the risks. 

Usage in Children: Clinical studies to establish the safety and efficacy in children have not 
been performed. 

ADVERSE REACTIONS: 

Ocular: BETOPTIC Ophthalmic Solution has been well tolerated. Discomfort of short duration 
was experienced by one in four patients, but none discontinued therapy; occasional tearing 
has been reported. Rare instances of decreased corneal sensitivity, erythema, itching sensa- 
tion, corneal punctate staining, keratitis, anisocoria and photophobia have been reported. 
Systemic: Systemic reactions following topical administration of BETOPTIC Ophthalmic 
Solution have been reported rarely (e.g., insomnia and depressive neurosis). 


Alcon 


OPHTHALMIC 


Alcon taboratories, Inc. 
Fort Worth, Texas 76134 USA 
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PEDIATRIC 
OPHTHALMOLOGIST 


Ophthalmologist with subspecialty training in Pec 
Ophthalmology is sought for full time positic 
University Department of Ophthalmology as Chi 
Service at Arkansas Children’s Hospital. Academic 
commensurate with credentials. Must have comp 
an approved eye residency training program, appr 
ate fellowship training, and be Board certified or elig 
Duties include teaching residents and medical stud 
patient care and research. Send curriculum v 
publications list and the names and addresses 
references to: 












John P. Shock, M.D. 

Professor and Chairman 
Department of Ophthalmology 
University of Arkansas for Medical Sciences 
4301 West Markham 
Little Rock, Arkansas 72205 
(501) 661-5150 


Equal Opportunity Employer 





An Uncommon 
Opportunity 


PRIME HEALTH is a nationally prominent HMO 
Kansas City. We've spent 11 years perfecting a health : 
delivery system that provides attractive suburban prac 
locations with ample support to allow a lifestyle free 
many of the hassles found in fee-for-service practic. 
provide a wide range of specialty services inclus 
Internal Medicine, Family Practice, OB/GYN, Orthop 
Surgery, and Ophthalmology. Our staff physicians ei 
competitive compensation levels, paid malpracti 
retirement, and health, life and disability benefits. 
addition, all of our associates share an equity interest in 
organization. 











Consider Prime Health in light of your own career go 
If you're seeking the satisfaction of a professional prac 
within an expanding and challenging environment, F 
Health is indeed an uncommon opportunity. Please sui 
your CV for consideration to: Martha Goodall, Hu 
Resources, 6801 E. 117th St., Kansas City, Mo. 64134, 
765-6200. Equal Opportunity Employer. 
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Two ways to lower the cost of glaucoma therapy. 


Pilocar® alone 
(pilocarpine HCI) 


By itself Pilocar® is one 

of the most economical 

glaucoma therapies avail- 
able. In fact, a Pilocar® 
-TwinPack prescription 
bits. Saves your patients more 
ae than any other brand name 
__ pilocarpine — even some 
generics. And Pilocar® 
has the IOLAB quality 
assurance behind each 
E  bolile. 
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Pilocar® 
concomitantly. 


Pilocar® adds much 

less expense to already 

expensive beta-blocker -y 
therapy. Compare Pilocar® 

to other concomitant ther- 

apies that cost up to five 

times as much. Pilocar® =d 
provides your patients with 

an effective concomitant 

therapy they can afford. 
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EYE PENCIL 





FELIS CATUS 


We'll see your conjunctiviti 


If it’s allergic conjunctivitis If it’s infectious conjunctivitis 
FML” Bleph®10 
(fluorometholone) 0.1 % Liquifilm® (sulfacetamide sodium ophthalmic 
sterile ophthalmic suspension solution) 10% with Liquifilm® 
- Gives the opportunity for fast relief (polyvinyl alcohol) 14% Sterile 
from inflammation. - Effective gram-positive and gram- 
- Less tendency to increase IOP than negative bacterial coverage with 
dexamethasone. sulfacetamide sodium. 
- Costs less than Opticrom® * - Liquifilm vehicle soothes and cools 


irritated eyes. 
- Costs less than Sodium Sulamyd.*** 





POLLEN GRAIN 
(COSMOS BIPINNATU 


If it’s “nonspecific” conjunct 

Blephamide*® 

(sulfacetamide sodium 10%, pre 

nisolone acetate 0.2%) Liquifilm 

sterile ophthalmic suspension 

- Effective gram-positive and gre 
negative bacterial coverage with 
sulfacetamide sodium. 

- In studies with rabbit eyes, the pı 
nisolone acetate in Blephamide 
delivers more active drug to the 
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Bleph-10 


(sulfacetamide sodium ophthalmic solution) 10% 
with Liquifilm® (polyvinyl alcohol) 1.4% Sterile 


INDICATIONS AND USAGE: Bleph-10 is indicated for the treat- 

ment of conjunctivitis, corneal ulcer and other superficial 

ocular infections caused by susceptible microorganisms, and 

= oe treatment in systemic sulfonamide therapy of 
choma. 


CONTRAINDICATIONS: Bleph-10 is contraindicated in indi- 
viduals who have a hypersensitivity to sulfonamide prepara- 
tions or to any of the ingredients of the preparation. 


PRECAUTIONS: Sulfacetamide preparations are incompatible 
with silver preparations. 


Nonsusceptible organisms, including fungi, may proliferate 
with the use of this preparation. Sulfonamides are inactivated 

the aminobenzoic acid present in purulent exudates. Sen- 
sitization may occur when a sulfonamide is re-administered 
irrespective of the route of administration, and cross- 
sensitivity between different sulfonamides may occur. If signs 
of sensitivity or other untoward reactions occur, discontinue 
use of the preparation. 


ADVERSE REACTIONS: Sulfacetamide sodium may cause 
local irritation, stinging and burning. While the irritation may 
be transient, occasionally, use of the medication has to be 
discontinued. 


Although sensitivity reactions to sulfacetamide sodium are 
rare, an isolated incident of Stevens-Johnson syndrome was 
reported in a patient who had experienced a previous bul- 
lous drug reaction to an orally administered sulfonamide, and 
a single instance of local hypersensitivity was reported which 
progressed to a fatal syndrome resembling systemic lupus 
erythematosus. 


Blephamide® 


(sulfacetamide sodium - prednisolone acetate) 
Liquifilm® sterile ophthalmic suspension 


INDICATIONS AND USAGE: A steroid/anti-irfective combi- 
nation is indicated for steroid- responsive inflammatory ocular 
conditions for which a corticosteroid is indicated and where 
bacterial infection or a risk of bacterial ocular infection exists. 


Ocular steroids are indicated in inflammatory conditions of 
the palpebral and bulbar conjunctiva, cornea, and anterior 
segment of the globe where the inherent risk of steroid use 
in certain infective conjunctivitides is accepted to obtain a 
diminution in edema and inflammation. They are also indi- 
cated in chronic anterior uveitis and corneal injury from chem- 
ie radiation or thermal burns or penetration of foreign 
odies. 


The use of acombination drug with an anti-in’ective compo- 
nent is indicated where the risk of infection is high or where 
there is an expectation that potentially dangerous numbers 
of bacteria will be present in the eye. 


The particular anti-infective drug in this preduct is active 
against the following common bacterial eye pathogens: 
Escherichia coli, Staphylococcus aureus, Streptococcus 
pneumoniae, Streptococcus (viridans group), Pseudomonas 
species, Haemophilus influenzae, Klebsiella species, and 
Enterobacter species. This product does not provide adequate 
coverage against Neisseria species and Serratia marcescens. 


CONTRAINDICATIONS: Epithelial herpes simplex keratitis 
(dendritic keratitis), vaccinia, varicella, and many other viral 
diseases of the cornea and conjunctiva. Mycobacterial infec- 
tion of the eye. Fungal diseases of the ocular structures. 
Hypersensitivity to a component of the medication. (Hyper- 
sensitivity to the antimicrobial component occurs at a higher 
rate than for other components.) 


The use of these combinations is always contraindicated after 
uncomplicated removal of a corneal foreigr body. 


WARNINGS: Prolonged use may result in glaucoma with 
damage to the optic nerve, defects in visual acuity and fields 
of vision, and in posterior subcapsular cataract formation. 
Prolonged use may suppress the host response and thus 
increase the hazard of secondary ocular infections. In those 
diseases causing thinning of the cornea or sclera, perfora- 
tions have been known to occur with the use of topical 
steroids. In acute purulent conditions of the eye, steroids may 
mask infection or enhance existing infection. I?these products 
are used for 10 days or longer, intraocular pressure should 
be routinely monitored even though it may be difficult in 
children and uncooperative patients. 


Employment of a steroid medication in the treatment of herpes 
simplex requires great caution. 


Asignificant percentage of staphylococcal isolates are com- 
pletely resistant to sulfa drugs. 


PRECAUTIONS: The initial prescription and renewal of the 
medication order beyond 20 milliliters should be made by 
a physician only after examination of the patient with the aid 
of magnification, such as slit lamp biomicroscopy and, where 
appropriate, fluorescein staining. 


The possibility of fungal infections of the cornea should be 
considered after prolonged steroid dosing. 


ADVERSE REACTIONS: Adverse reactions have occurred with 
steroid/anti-infective combination drugs which can be 
attributed to the steroid component, the ant:-infective com- 
ponent, or the combination. Exact incidence figures are not 
available since no denominator of treated patients is available. 


Reactions occurring most often from the presence of the anti- 
infective ingredient are allergic sensitizations. The reactions 
due to the steroid component in decreasing order of frequency 
are: elevation of intraocular pressure (IOP with possible 
development of glaucoma, and infrequent optic nerve 
damage; posterior subcapsular cataract formation; and 
delayed would healing. 


Secondary infection: The development of secondary infec- 
tion has occurred after use of combinations containing 
steroids and antimicrobials. Fungal infections of the cornea 
are particularly prone to develop coincidentally with long-term 
applications of steroid. The possibility of fungal invasion must 
be considered in any persistent corneal ulceration where 
steroid treatment has been used. 


Secondary bacterial ocular infection following suppression 
of host responses also occurs. 


FML’ 


(fluorometholone) 0.1% 
Liquifilm® sterile ophthalmic suspension 


INDICATIONS AND USAGE: FML is indicated for the treat- 
ment of corticosteroid-responsive inflammation of the pal- 
pebral and bulbar conjunctiva, cornea and anterior segment 
of the globe. 


CONTRAINDICATIONS: FML is contraindicated in the follow- 
ing conditions: 

Epithelial herpes simplex keratitis (dendritic keratitis), vac- 
cinia, varicella, and other viral diseases of the cornea and 
conjunctiva. 


Tuberculosis of the eye. 
Fungal diseases of the ocular structures. 
Hypersensitivity to any component of the medication. 


WARNINGS: Corticosteroid medication in the treatment of 
patients with a history of herpes simplex keratitis (involving 
the stroma) requires great caution; frequent slit lamp 
microscopy is mandatory. 


Prolonged use may result in elevation of IOP, with damage 
to the optic nerve, defects in visual acuity and fields of vision, 
and/or in posterior subcapsular cataract formation. It may 
also aid in the establishment of secondary ocular infections 
from fungi or viruses liberated from ocular tissues. 


Various ocular diseases and long-term use of topical cor- 
ticosteroids have been known to cause corneal and scleral 
thinning. Use of topical corticosteroids in the presence of 
thin corneal or scleral tissue may lead to perforation. 


Acute purulent untreated infection of the eye may be masked 
or activity enhanced by the presence of corticosteroid medi- 
cation. 


PRECAUTIONS: General: As fungal infections of the cornea 
are particularly prone to develop coincidentally with long-term 
local corticosteroid applications, fungal invasion must be 
suspected in any persistent corneal ulceration where a cor- 
ticosteroid has been used or is in use. 


Intraocular pressure should be checked frequently. 


Carcinogenesis, mutagenesis, impairment of fertility: No 
studies have been conducted in animals or in humans to 
evaluate the possibility of these effects with fluorometholone. 


Pregnancy Category C: Fluorometholone has been shown 
to be teratogenic and embryocidal in rabbits when given in_ 
doses approximating the human dose and above. There are ~ 
no adequate, well-controlled studies in pregnant women. 
Fluorometholone should be used during pregnancy only if 
the potential benefit outweighs the potential risk to the fetus. 


Fluorometholone was ocularly applied to both eyes of preg- 
nant rabbits at various dosage levels on days 6 to 18 of gesta- 
tion. A significant dose-related increase in fetal abnormalities 
and in fetal loss was observed. 


Nursing Mothers: It is not known whether topical ophthalmic 
administration of corticosteroids could result in sufficient sys- 
temic absorption to produce detectable quantities in breast 
milk, nevertheless, the physician should consider the patient 
discontinuing nursing while the drug is being administered. 


Pediatric Use: Safety and effectiveness in children have not 
been established. 


ADVERSE REACTIONS: Adverse reactions include, in decreas- 
ing order of frequency, elevation of intraocular pressure (IOP) 
with possible development of optic nerve damage; loss of 
visual acuity or defects in fields of vision; posterior subcap- 
sular Cataract formation; delayed wound healing. 


The following have also been reported after the use of topical 
corticosteroids: Secondary ocular infection from pathogens 
liberated from ocular tissues and, rarely, perforation of the 
globe when used in conditions where there is thinning of the 
cornea or sclera. 


= ALLERGAN PHARMACEUTICALS 


A Division of Allergan, Inc., Irvine, CA 92713 
©1988 


& 


a 


= 





— 
| 


PUBLICATION STAFF 
535 N Dearbors St, Chicago, IL 60610 


gee Associate Editor: 
Michael D. Springa 


Production Manage- 
_ Martene M. Hinsch 


Assistant Prođuctioa Manager: 
Joha R. Saydan 


Editorial Processinc Manager: 
Cheryl Iversen 


Assistant Editorial Processing Manager: 
Pauia Glitman 


Permissions and Graphic Design Manager: 


Dennis J. Shipley 


Staff Assistants: 
Diane Darne!! 


+ Copy Editing: 
Patricia A. Bredey [Supervisor) 
Vickey Golden (Free-lance Coordinator) 
Richard Diaz (Senir Copy Editor) 
Salli B. Berg 
Stephen Borysewicz 
Paul Frank 


Production Supepvisors: 
‘Betty Frigerio (Advertising) 
Thomas J. Hancrican (Illustrations) 
Elizabeth Petrikenss (Proofreading) 
Mary C. Steermanr (Editorial) 
JoAnne Weiskopf (Layout) 


Proofreading: 
Jennifer Reiling 
‘Christopher Siek 


Art and Senior Proauction Assistants: 
> Mary C. Beauregard Debra Lucas 
há Cari Biamonte 
Karen Brankam 
Jerri Hail-Gortowsk 


Production Assistants: 
Dariene E. Filips 


Editorial Assistant: 
Jean Sehaftner 


Manuscript Records: 
Angieque Jenes 


Indexing: 
Norman Framkel Supervisor) 
Susan McClelland 
Mary Kay Tinerelle 


Director, Department of Advertising Communi- 


+ cations: 
Thomas J. Carroll 


Director, Advertising Services Department: 


Raymond Christiar 


ADVERTISING OFFICES: Eastern: 600 Third Ave, 
Suite 3700, New York, NY 10016 (Manager: Robert 
C. Cercoran [212-367-6640]; Representative: 
John L. Reeves); Midwest/Farwest: 535 N Dear- 
born St, Chicago, I. 60610 (Manager: Thomas J. 
Carroll [312-280-71&]; Representatives: John P. 
Cahill, Midwest; Danie! T. Mjdlsness, Farwest) 


ADVERTISING PRINCIPLES: Each advertisement in 
this issue has Deen rviewed and complies with the 
principles governing advertising in AMA scientific 
publications. A copy of these principles is available 
on request. The appearance of advertising in AMA 
publications is not am AMA guarantee or endorse- 
ment of the product or the claims made for the 


product by the mamusscturer. 


Bonnie Van Cleven 


Christine M. Smith 
Barbara Wojtowicz 


Dorothy Patterson 
Susan M. Price 
Deirdre Rittenhouse 
Sally Hoyt Ellen Yoshihara 


Anita Henderson 


Continued from page 569 


CLINICOPATHOLOGIC REPORTS 


Epibulbar Fibroma of the Conjunctival Substantia Propria 
Frederick A. Jakobiec, MD; Evan Sacks, MD; Richard L. Lisman, MD; 
Wolf Krebs; DVM, Naw-York ..cccccesccccosccctutesesttnsistecceesesesstesonccassoere bump ce srr a A N 661 


Neurilemoma as a Presenting Feature of Neurofibromatosis 
Michelle E. Bickler-Bluth, MD; Philip L. Custer, MD; Morton E. Smith, MD, St Louis .. 665 


LABORATORY SCIENCES 


Quantification of Cellular Proliferation in Experimental 
Proliferative Vitreoretinopathy 
Diane L. Hatchell, PhD; Terry McAdoo, MS; Sherif Sheta, MD; 
Robert T. King Ill; Jorge V. Bartolomé, PhD, Durham, NC „........s-srsnssoornnnnsnennnnenennssanseennes 669 


Suppression of Experimental Tractional Retinal Detachment 
by Low-Dose Radiation Therapy 
Travis A. Meredith, MD; Linda Ficker, FRCS; 
Rosalind Stevens, MD; Zbigniew Olkowski, MD; Marjorie Anderson; 
Janet Hartraann: lan Crocker, MD, Atlanta ......200ssssssscsscssseessesosscocsessughesengecosensassoaastignastods 673 


Photocoagulation Does Not Ablate Angiogenic Markers in Rabbit Retina 
Peter A. Campochiaro, MD, Steven H. Blaydes, Charlottesville, Va... 676 


Photothrombosis of Corneal Neovascularization by Intravenoes 
Rose Bengal and Argon Laser Irradiation 
Andrew J. W. Huang, MD, MPH; Brant D. Watson, PhD; 
Eleut Hernandez; Scheffer C. G. Tseng, MD, PhD, Miami ........-..csce-ccsscseseeseeeenenseeeeeeees 680 


Penetration of Topically Applied Dexamethasone Alcohol 
Into Human Aqueous Humor 


David Watson, PhD; Mark J. Noble, FRCS; Gordon N. Dutton, ERCS; 
John M. Midgley, PhD; Terrence M. Healey, PhD, Glasgow, Scotland... 686 


PHOTO ESSAY 


Mooren’s Ulcer 
Thomas E. Clinch, MD, Peter R. Laibson, MD, Philadelphia .....—.....-..::ccsceseeeseeeereteeeeees 691 


SURGICAL TECHNIQUE 
inflatable Catheter for Dacryocystorhinostomy 
Alejandro Aguirre Vila-Coro, MD; Miguel Angel Gutierrez Sevilla, MD; 


Maria del Carmen Rodriguez-Bermejo Guijo, MD, Madrid; 
Antonio Aguirre Vila-Coro, MD, Houston ..........ssccccsessescesseseeeeseessemnsnecmnenenecenscncensnsensansnnees 692 


NEW INSTRUMENTS 


A Brush Back-Flush Needle 


Relja Zivojnovic, MD, Ger Vijfvinkel, Rotterdam, the NetherlanGs ...........-s-sseseesees 695 
CONTINUING: MEDICAL EDUCATION ...cccicccccisecciccecscscccbceceose casas ctebostierssgiibostactscosteacesvenciavennes 696 
DEX TO ADVERTISERS on cnikeccscancncccDes a a a aaas aasia aiaks cos da e erias poro ia RAN Tria 700 





cromolyn sodium, USP 


__ Year-round clinical efficacy 
significantly reduces the severity 
and duration of ocular itching 
and watery discharge 


__ With more than a decade of 
freedom from serious side effects 
or ocular toxicity 


Removal of one of two 
preservatives (phenylethanol) 
means greater patient comfort 
and compliance, without com- 
promising bactericidal activity 


*See prescribing information for a complete listing of 
certain allergic ocular disorders.© Fisons Corporation 1986 


INDICATIONS AND USAGE; OPTICROM is indicated in the treatment of certain allergic 
ocular disorders referred to by the terms vernal keratoconjunctivitis, vernal conjuncti- 
vitis, giant papillary conjunctivitis, vernal keratitis, and allergic keratoconjunctivitis. 
The etiologic factors are unknown, but common airborne allergens and contact lenses 
have been implicated. ' 

Symptomatic response to therapy (decreased itching. tearing. redness, and dis- 
charge) is usually evident within a few days, but longer treatment for up to six weeks 
is sometimes required. Once symptomatic improvement has been established, therapy 
should be continued for as long as needed to sustain improvement. 

If required, corticosteroids may be used concomitantly with OPTICROM. 

Users of soft (hydrophilic) contact lenses should refrain from wearing lenses while 
under treatment with OPTICROM (see Contraindications). Wear can be resumed within 
a few hours after discontinuation of the drug. 

CONTRAINDICATIONS: OPTICROM is contraindicated in those patients who have 
shown hypersensitivity to cromolyn sodium or to any of the other ingredients. 

As with all ophthalmic preparations containing benzalkonium chloride, patients 
are advised not.to wear soft contact lenses during treatment with OPTICROM. 
PRECAUTIONS: General: Patients may experience a transient stinging or burning 
sensation following application of OPTICROM. 

The recommended frequency of administration should not be exceeded. The dose 
for adults and children is 1-2 drops in each eye 4-6 times a day at regular intervals. 
Carcinogenesis, Mutagenesis, and Impairment of Fertility: Long term studies in mice 
(12 months intraperitoneal treatment followed by six months observation), hamsters 
(12 months intraperitoneal treatment followed by 12 months observation), and rats (18 
months subcutaneous treatment) showed no neoplastic effect of cromolyn sodium. 

No evidence of chromosomal damage or cytotoxicity was obtained in various 
mutagenesis studies. 
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No evidence of impaired fertility was shown in laboratory animal reproduction studies. 
Pregnancy: Pregnancy Category B. Reproduction studies with cromotyn sodium adminis- 
tered parenterally to pregnant mice, rats and rabbits in doses up to 338 times the human 
clinical doses produced no evidence of fetal malformations. Adverse fetal effects (increased 
resorption and decreased fetal weight) were noted only at the very hgh parenteral doses 
that produced maternal toxicity. There are, however, no adequate andewell controlled stud- 
ies in pregnant women. Because animal reproduction studies are not always predictive of 
human response, this drug should be used during pregnancy only if clearly needed. 
Nursing Mothers: It is not known whether this drug is excreted in haman milk. Because 
many drugs are excreted in human milk, caution should be exercised when OPTICROM 
is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children below the age of 4years have not been 
established. 

ADVERSE REACTIONS: The most frequently reported adverse reaction attributed to the 
use of OPTICROM, on the basis of reoccurrence following readministration, is transient 
ocular stinging or burning upon instillation. 

The following adverse reactions have been reported as infrequentevents. It is unclear 
whether they are attributable to the drug: conjunctival injection, waiery eyes, itchy eyes, 
dryness around the eye, puffy eyes. eye irritation, styes. 

CAUTION: Federal law prohibits dispensing without prescription. 
REFERENCE: l. Allansmith MR, Abelson MB. Ocular Allergies. In: The Cornea, ed. by G. 
Smolin, RA Thoft, Little. Brown and Co., Boston/Toronto, 1983: 231-43. 
See package insert for full prescribing information. sONS 
Fi 


FISONS CORPORATION 
BEDFORD, MA 01730 


OPTICROM* is a registered trademark of Fisons plc. 


Made in England FC7201 Revised 07/84 FIS-027 





















Instructions for Authors 


Note: Pleas- xad these instructions carefully—technical deficien- 
cies must be Crrected before manuscripts can be reviewed. 

Send manacripts to the Editor, Morton F. Goldberg, MD, Univer- 
sity ef Illimoes “ye and Ear Infirmary, 1855 W Taylor St, Chicago, IL 
60612; (212) 996-2327. Manuscripts are received with the under- 
standing hst -Pey have not previously been published anywhere in 
any langeage and are not under simultaneous consideration by 
another pubiieatien. Accepted manuscripts become the permanent 
property of tae ARCHIVES and may not be published elsewhere 
without perm ssion from the publisher (AMA). After initial publi- 
cation, ce-tain articles will appear in translation in the Spanish- 
language 2ditoon. 

A manusermt should not list more than six authors. The text 
should, im g=reral, not exceed 14 typewritten pages. 

Transmattsl etters to the editor must contain the following language: 
“In consideration of the American Medical Association’s taking action 
in reviewir= ane editing my submission, the author(s) undersigned hereby 
transfers. assigns, or otherwise conveys all copyright ownership to the 
AMA in the eent that such work is published by the AMA.” This 
statement must be signed by a// authors listed before it can be sent out 
for review. Ve regret that transmittal letters not containing the 
foregeing lamguage signed by all authors of the submission will 
necessitate del=y in the review of the manuscript. 

In case the work was done by a federal employee, each author 
must inclad= = signed statement that the work reported was done 
while he er she was employed by the federal government. 

Author Respensibility.— All accepted manuscripts are subject to 
copy editmg. “he author will receive an edited typescript rather 
than galley pwoofs for approval. The author is responsible for all 
statemen’s ir his work, including changes made by the copy 
editor. Desimrate one author as correspondent and provide his 
address and telephone number. 

Manuscript Preparation.—Submit an original typescript and two 
high-qual ty eepies. All copy (including references, legends, and 
tables) naus: &e typed double-spaced on 21.6 X 27.9-cm (8% X 11- 
in) paper. Mains of at least 2.5 cm (1 in) must be provided. If a 
word proeesc@ is used, do not justify the right margin. 

Titles.—T tls should be short, specific, and clear and typed on a 
special page. They should not exceed 42 characters per line, 
including penctuation and spaces, and be limited to two lines, if 
possible. The title page should include the first name, middle 
initial, ard ast name of all authors with their highest academic 
degree and prefessional affiliation of all authors and city location. 
It should aise melude the address (if different from the senior 
author’s) to which requests for reprints should be sent. 

Infermed’ Coasent.— Manuscripts reporting the results of experi- 
mental inrestzzations of human subjects must include a statement 
to the efect that legal requirements governing consent were 
met. 

Refer t əstients by number, eg, patient 1 (or, in anecdotal 
reports, by icitious given names). 

Propriemry Statement.—If the article discusses in any way a 
deviee, equigment, an instrument, or a drug, the author(s) must 
state in a “oetaete whether they do or do not have any commercial 
or preprietary interest in the product. Likewise, they must reveal 
whether they aave any financial interest as a consultant, review- 
er, or eva ucter. In addition, authors must disclose any financial 
interest owmed by a spouse, minor child, blood relative living in 
the same aoa@hold, or known to be held by the author’s employer, 
partner, er mēness associate. 

Abstrac.—Erevide an abstract (135-word maximum) of the 
article, imclading statements of the problem, method of study, 
results, anc -onelusions. The abstract should be specific and 
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sufficiently complete to allow the reader a quick evaluation of the 
paper. Do not include a “summary” section in the main manu- 
script. 

References.—List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent citations 
should be to the original number. All references must be cited in 
the text or tables. Unpublished data and persenal communications 
should not be listed as references but parenthetically within the 
text. References to journal articles should inelude (1) author(s) (if 
more than three, write “et al” after the third name), (2) title, (3) 
journal name (as abbreviated in Index Medicus), (4) year, (5) 
volume number, and (6) inclusive page numbers, in that order. 
References to books should include (1) author(s), (2) chapter title 
(if any), (3) editors (if any), (4) title of book, (5) city of publication, 
(6) publisher, (7) year, and (8) page, if indicated. 

Metrication and SI Units.—Use Système International (SI) mea- 
surements throughout the manuscript. Provide metric equivalents 
for all SI units; they will be noted parenthetieally in the published 
text, in accordance with AMA policy. (Exceptions are visual acuity 
measurements and intraocular pressure recordings.) 

Illustrations.— Use only those illustrations that clarify and aug- 
ment the text. More than ten illustrations per manuscript would 
have to be justified. Submit illustrations in triplicate, unmounted 
and untrimmed. Do not send original artwork. Send high-contrast 
glossy prints. Figure number, name of senior author, and arrow 
indicating “top” should be typed on a gummed label and affixed to 
the back of each illustration. All lettering must be legible after 
reduction to column size. Artwork submitted for publication may 
be relettered to achieve uniformity of lettermg style throughout 
the journal. Magnification and stain should be provided when 
pertinent. 

Illustrations in full color are accepted fer publication if the 
editors believe that color will add significantly to the published 
manuscript. Please submit one set of positive transparencies (35 
mm slides) and two sets of color prints. The ARCHIVES will pay 
part of the expense of reproduction and printing color illustra- 


PLEASE NoTE: Most COMMON ERRORS TO AVOID 
FOR BOTH ORIGINAL ARTICLES AND LETTERS TO THE EDITOR 
(SECRETARY’S CHECKLIST) 


— (1) Failure to send original typed manuscripts plus two 
copies. 

(2) Failure to double-space entire manuscript (abstract, 
references, legends, and tables). 

(3) References not in proper format, not in numerical 
order, or not cited in text. 

(4) Use of 1%-spacing rather than deuble-spacing. Do 
not justify right margins. 

(5) Failure to send three sets of illustrations/photo- 
graphs or original color slides. 

(6) Title too long. 

(7) Failure to label abstract or to prowide abstract (not 
needed for letters to the editor). 

(8) Incomplete or improper consent forms for patient 
photographs; improper or incompiete legends. 

(9) Failure to include copyright transmittal form 
(needed for both original articles and letters to the 
editor). 

—(10) Failure to include all authors’ personal signatures 
on copyright transmittal form. 

—(11) Failure to designate the corresponding author and 
provide phone number and address. 

—(12) Failure to include consent forms for illustrations 
previously published elsewhere. 
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tions, the remainder to be borne by the author. After deducting 
the ARCHIVES’ contribution, the author’s share is $400 for up to six 
square-finished illustrations that can be arranged on a one-page 
layout. Any additional illustrations or special effects will be billed 
to the author at cost. 

Legends.—Legends must be typed double-spaced, beginning on a 
separate sheet of paper. Length should be limited to a maximum 
of 40 words and should allow the illustration to be fully under- 
standable without recourse to the text. Use arrows, letters, etc, for 
enhanced understanding. 

Authorized Use of Photographs.—Recognizable photographs may 
be taken and published only if specifically consented to by the 
patient. To facilitate proof, the consent should be in writing. Any 
restrictions or limitations on the consent must be strictly 
observed; eg, eyes are blocked out only as a condition of consent. 
Consent forms must include a specific statement that photographs 
and information related to a case may be published either 
separately or in connection with each other, in professional 
journals or medical books, provided that it is specifically under- 
stood that the patient shall not be identified by name. Parental 
consent for publication of photographs and information related to 
the case must include signature of both living parents. Consent 
releases for minors without living parents must be signed by the 
legally appointed guardian. Submit consent forms with the manu- 
script. 

Acknowledgments.— Illustrations from other publications must 
be acknowledged. Include the following when applicable: 
author(s), title of article, title of journal or book, volume number, 
page(s), month, and year. The publisher’s permission to reprint 
must accompany the manuscript. 

Statistical Consultation.— We recommend that statistical consul- 
tation be obtained as early as possible for studies with statistical 
content. The name and affiliation of the statistical consultant (if 
different from the author[s]) should be included. 

Tables.— Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6 X 27.9-em (8% X 11-in) 
paper. Do not use larger paper. If a table must be continued, use a 


second sheet and repeat all heads and stubs. Each table must have 
a title. 

Photo Essay.— Manuscripts for this section should emphasize 
the visual aspects of the subject presented. The picture(s) should 
be of high quality and should be self-explanatory. The photo- 
graphs can be of clinical entities, laboratory studies and findings 
(eg, smears, histologic sections), diagnostic techniques (roentgen- 
ograms, computed tomographic scans, magnetic resonance image, 
ultrasound, etc), therapeutic procedures, or a combination. A 
concise essay, limited to 250 words, describing the clinical or 
laboratory information, photograph(s), and a brief list of refer- 
ences (five or less), if pertinent, should be submitted in triplicate. 
Articles will be limited to one to two printed pages, and all 
material must fit into this format. Refer to the general “Instruc- 
tions for Authors” for other requirements. 

Correspondence and Case Reports.—Contributions to this section 
may include comments on articles published in the ARCHIVES, 
informative case reports, or other matters of ophthalmic interest. 
Such letters are subject to editorial review and will be published 
as space and editorial priorities permit. Published letters will be 
listed by author and title in the table of contents, and authors and 
subjects are indexed by the major indexing services. Letters to the 
editor and Case Reports ordinarily should not exceed 500 words in 
length. There should be a maximum of three references. Two 
figures or one figure plus one table can be printed. The typescript 
should be double-spaced with a ragged right hand margin and 
submitted in triplicate. A copyright transmitta! letter signed by 
all authors must accompany the letter. Please refer to “Instruc- 
tions fer Authors” for additional requirements. 

Reprints.— Reprints can be ordered at the time the typescript is 
returned after editorial processing. 

AMA Manual for Authors & Editors.—This 1981 edition, formerly 
the Stulebook/Editorial Manual of the AMA, 3 available from 
Prentice Hall, Inc, 200 Old Tappan Rd, Old Tappan, NJ 07675. 
Single eopy price: $15. A shipping charge is added on all orders. If 
additional ordering information is needed, telephone 1-800-223- 
1360. 


From the Archives of the Archives 


Inward muscle-bound? This might be what the doctor ordered...... 


Cases of paralytic strabismus have presented a rather discouraging prospect from the point of 
view of relief by operation. The eye may sometimes be placed in a normal position by advancing the 
paralyzed muscle, combined with tenotomy of the opponent, but in my experience such results have 
usually been only temporary and the original squint has recurred. The methods of tendon 
transplantation advocated by Hummelsheim, O’Connor and others seem not to have been followed 
by many surgeons, to judge by the small number of reported cases. Three recent cases in which a 
modification of the Hummelsheim operation was performed have shown such good results that it 
seemed worth reporting them ... There would seem to be no reason why muscle transplantation, by 
one of these methods, should not find a more general acceptance in cases of paralytic squint, many 
of which are now pronounced inoperable. The only danger inherent in the operation is of weakening 
the vertical recti, and this can be avoided by careful exposure of the whole muscle before the outer 
third is isolated. I have not had an opportunity to try the method in a case of congenital paresis of 
the abducens but for these cases it would seem to be ideal. Unfortunately it cannot be employed in 
the more frequent cases of complete paralysis of the third nerve, since here the vertical recti are 
paretic. Wiener’s method of suturing the superior oblique to the internal rectus tendon would seem 
to offer the most promising solution of this problem, though his estimation of the amount of muscle 
to be resected seems a little indefinite. Naturally, before resorting to operation, sufficient time 
must have elapsed to eliminate the possibility of recovery of the paretic muscle. Surprisingly little 
reaction has followed the operation in these three cases, and there is no visible lump beneath the 


conjunctiva such as is seen after a tuck. 


Source: Gifford SR: Muscle transplantation for paralytic strabismus. 


Edited by Jean Schaffner, Editorial Assistant 
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ANEW PERSPECTIVE 


Make your next move an adventure. 
OPHTHALMOLOGISTS 


Immediate openings are available at the 


prestigious King Khalid Eye Specialist Hospital 
in Rryadh, Saudi Arabia. KKESH is a 263-bed 
referral and research center for the eye. The 
hospital is equipped with 43 Eye Exam rooms, as 
well as 10 Surgical Suites, each equipped with a 
ceiling-mounted microscope. Over 30 
Ophthalmologists currently staff the King 
Khalid Eye Specialist Hospital. Specialists are Larry Bartlett 
needed in the following areas: I 


m ANTERIOR SEGMENT 
m OCULO-PLASTICS 
= GLAUCOMA 


m PEDIATRIC OPHTHALMOLOGY 


m RETINA VITREOUS 


m NEURO OPHTHALMOLOGY 


m OCULAR PATHOLOGY 
m EXTERNAL DISEASES 








Full-time faculty position for 
research ssistant professor. Can- 
dida*es mest have PhD degree and 
at least two years of postdoctoral 
experience in visual psychophysics 
and electraphysiology. Salary com- 
mensurate with training and expe- 
rience. Start date July 1, 1988. 








Please forward letters of applica- 
tion and CVS to: 
Morton ~. Goldberg, MD 
Professer and Head 
Department ef Ophthalmology 
Universi-y of Illinois at Chicago 
1855 West Taylor 
Chicago IL 60612 









To receive fullest consideration, 
apply by tune 15, 1988. UIC is an 
AA/EOE. 











Requirements include: 


or calling: 


AM 


e Board certification or equivalent 

e Completion of fellowship in speciality area 

e Academic affiliation preferred 

e Medical Center Clinical experiencepreferred 
We offer attractive salaries, housing, potential 
tax savings and the opportunity to travel. Make 
your next move by sending your curriculum vitae 


9601 Wilshire Blvd., Suite 600 

Beverly Hills, CA 90210 

Call Toll Free (800) 421-3344 (outside CA) 
or Call Collect (213) 859-8352 


AMI 





: Fargo Clinic 


MeritCare 


OPHTHALMOLOGIST 


Immediate opportunity 
for BC/BE Ophthalmolo- 
gist to join a large multi- 
specialty center in a 
resort area in Northern 
Minnesota. Excellent sal- 
ary, benefits, schools, 
and recreational activi- 
ties. Send CV in confi- 
dence to: 


Charles B. Anderson, M.D. 
Box 2067 
Fargo, ND 58123 





General Ophthalmologist 


to join expanding eye depart- 
ment at the multispecialty 
Kaiser Permanente Medical 
Center, a prepaid HMO, at 
Oakland, CA. Competitive sal- 
ary and generous benefit 
package offered. The eye 
department consists of 10 
M.D.s with subspecialties in 
glaucoma, pediatrics, oculo- 
plastics and retina, and 10 
0.D.s. Fully equipped offices 
with excellent technician sup- 
port. Send CV to: 


Richard A. Brown, M.D., 
280 W. MacArthur Blvd. 
Oakland, CA 94611 





PICSEL Vi 


POLYSPORIN 


p (polymyxin B-bacitracin) B-bacitracin) 


DESCRIPTION: Each gram contains: Aerosporin® (polymyxin B sulfate) 10,000 units, baci- 


tracin zinc 500 units, special white petrolatum qs. ACTIONS: Polymyxin B attacks gram-neg- 
ative bacilli, including virtually all strains of Pseudomonas aeruginosa and Hemophilus 
influenzae species. Bacitracin is active against most gram-positive bacilli and cocci, includ- 
ing hemolytic streptococci. INDICATIONS: For the treatment of superficial ocular infections 
involving the conjunctiva and/or cornea caused by organisms susceptible to polymyxin 
B sulfate or bacitracin zinc. CONTRAINDICATIONS: This product is contraindicated in 
those individuals who have shown hypersensitivity to any of its components. WARNINGS: 


Copyright 1985 Burroughs Wellcome Co. All rights reserved. 
85 POP 1 
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|] Broad spectrum 
antimicrobial coverage 


[|] Neomycin-free 
and preservative-free 


Li 


Ophthalmic œntments may retard corneal healing. PRECAUTIONS: As with other antibiotic 
preparations prolonged use may result in overgrowth of nonsusceptible organisms, in- 
cluding fungi-Appropriate measures should 

be taken if tais occurs. DOSAGE AND 
ADMINISTF ATION: Apply the ointment 

every 3 or 4 heurs, depending on the sever- 

ity of the infecion. HOW SUPPLIED: Tube Wellcome 
of 1% oz. with aphthalmic tip. 


Burroughs Welicome Co. 
3030 Cornwallis Road 


Research Triangle Park, NC 27709 
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Placement of Silicone Tubes During 
Dacryocystorhinostomy 


To the Editor.—Silicone tubes have improved the outcome 
in lacrimal surgery. Crawford! and others? have described 
nasolacrimal mtubation using silicone tubes attached to 
stainless steel wire probes. The placement of these tubes 
during dacryoecystorhinostomy has become routine. 

Retrieval of the wire probe from the nose may be a 
difficult maneuver. The Crawford hook, a grooved director, 
or a hemostat have all been used to accomplish this. 

We would like to suggest another method for directing 
the wire probe from the osteotomy site out of the external 
nare. We carry out the dacryocystorhinostomy in standard 
fashion until the posterior flaps have been sutured. We 
pass a Kilner No. 10 French suction tip up the nose on the 
operative side until it is visible in the osteotomy site 
anterior to the sutured flaps. The wire portion of the 
Crawford intubation set is passed down the canaliculus 
until it is also visible in the osteotomy site. The wire probe 
is introduced into the suction tip and is pushed down as far 
as it will go. (The suction tip simply guides the wire out of 
the nose.) The-suction tip is then withdrawn to reveal the 
wire protruding from the external nare. 

We have found this trick to be fast, easy to perform, and 
less traumatic to the flaps and nasal mucosa than other 
metheds of wire retrieval. 

JOHN Harvey, MD 
SCOTT CORIN, MD 
Hamilton, Ontario 


1. Crawford JS: Intubation of obstructions in the lacrimal system. Can J 
Ophthalmol 1977:12:289-292. 

2. Quickert MH, Dryden RW: Probes for intubation in lacrimal drainage. 
Ophthalmology 1970;74:431-433. 

3. Guibor F: Canaliculus intubation set. Ophthalmology 1975;79:419- 
420. 


Hyaluronate Facilitates Passage of Lacrimal 
Probes for Repair of Lacerated Canailiculi 


To the Editor.—Treatment of a lacerated lacrimal canalic- 
ulus includes suturing the laceration and placing a stent 
within the camaliculus to prevent canalicular cicatricial 
stenosis. Most surgeons use a silicone stent in the treat- 
ment of lacerations of the medial half of the canaliculus. 
The stent can be placed by bicanaliculonasal intubation, 
passing each end of a silicone tube via the lacrimal puncta 
to the nasal fossa,' or by means of a pigtail probe. Authors 
who oppose pigtail probe intubation claim that the pigtail 
probe is difficult to use and that damage to the uninjured 
canaliculus or to the lacrimal sac is possible. On the other 
hand, authors who oppose bicanaliculonasal intubation 
fear injuring a sound lacrimonasal duct. 

We have found that filling the lacrimal sac with hyal- 
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uronate via the intact lacrimal canaliculus facilitates the 
passage of either a pigtail probe or probes for bicanalicu- 
lonasal intubation. We have successfully used this tech- 
nique in three cases ef pigtail probe intubation and two 
cases of bicanaliculonasal intubation to repair lacerated 
canaliculi, without incident. We use a blunt-tipped pigtail 
probe with a suture eye, not a crochet hook. The use of 
hyaluronate to coat and distend the lumen of the lacrimal 
passages’ allows the probe tip to find its way to the injured 
canaliculus. This is usually accomplished on the first 
attempt with minima! manipulation, avoiding damage to 
the common internal punctum, common canaliculus, and 
lacrimal sac. Risk of a false passage is also minimized. 
Bicanaliculonasal intubation is less traumatic and tech- 
nically easier with the use of hyaluromate. Hyaluronate 
distends the lacrimal sac and lacrimonasal duct lumen and 
protects the lacrimal passage’s epithelium. 
We conclude that hyaluronate allows safer performance 
of either pigtail probe or bicanaliculonasa! intubation. 
ANTONIO AGUIRRE VILA-Coro, MD 
Houston 


ALEJANDRO AGUIRRE VILA-Coro, MD 
Madrid 


1. Katowitz JA: Lacrimal drainage surgery, in Duane T (ed): Clinical 
Ophthalmology. New York, Harper & Row Publishers Inc, 1983, vol 5, pp 
27-28. 

2. Murube del Castillo J: Bikanalikulaere Ring-intubation, in Hansel- 
meyer H (ed): Neue Erkentnisse ueber Erkrankungen der Traenenwege, vol 
84: Buecherei des Augenärztes. Stuttgart, West Germany, F Enke, 1981, pp 
115-119. 

3. Hurwitz JJ, Nik N: Lacrimal sac identification for dacryocystorhinos- 
tomy: The role of sodium hyaluronate. Can J Ophthalmol 1984;19:112-114. 


Monocanalicular Silicene Intubation 


To the Editor.—There have been several recent descrip- 
tions of fixation techniques for monocanalicular silicone 
intubation. Braverman and Brown! advecated externaliz- 
ing the tubing along the nose in a continuous loop, while 
others have developed some form of internal eyelid fixa- 
tion. Romano’ described suturing the free end of the 
silicone tubing either into the inferior fornix or near the 
caruncle. Gonnering’ recently reported a-case using percu- 
taneous fixation of the silicone tubing in the ampulla. 
Prior to these reports, we had independently developed a 
technique that includes some features of the latter two 
reports but has additional advantages, and we have used it 
successfully over the past years in six cases of infantile 
monocanalicular stenesis with follow-up of at least six 
months. 

After silicone tube intubation of the single canaliculus, a 
vertical one-snip punctaplasty down into the ampulla is 
performed. We then make a 4- to 5-mm horizontal conjunc- 
tival incision laterally beneath the tarsus in line with the 


Correspondence 579 





Fig 1.—Vertical one-snip punctaplasty into ampulla is created. Next, 4- 
to 5-mm horizontal conjunctival incision is made laterally beneath 
tarsus and in line with horizontal portion of intubated canaliculus 
beginning at ampulla. Tubing is secured with percutaneous nonabsorb- 
able horizontal mattress suture. 





Fig 2.—Tubing anchor suture is tied and buried beneath skin. Infratar- 
sal subconjunctival groove is closed with running 7-0 absorbable 
suture. 


horizontal portion of the intubated canaliculus beginning 
at the ampulla (Fig 1). The tubing is secured with a 
horizontal mattress suture in the infratarsal conjunctival 
groove using a double-armed 6-0 nylon suture on a spatula 
needle. The spatulated needle helps prevent inadvertent 
cutting of the tubes. This horizontal mattress suture is 
passed through the tube and then through the eyelid to be 
brought out on the anterior skin surface at a position 
where a small nick incision in the skin has been placed. 
This allows the knot to be buried below the skin (Fig 2). 

The incision in infratarsal conjunctiva temporal to the 
punctum is closed over the tube with a running 7-0 chromic 
suture, creating a subconjunctival tunnel. The intranasal 
end of the tubing is tied on itself and placed beneath the 
inferior turbinate without tension or sutured inside the 
nasal ala. 

The tubing was well tolerated in all patients but one. 
This patient had the double-armed suture tied over a 
cotton bolster on the skin surface and displaced the bolster 
and tube one week following surgery but had resolution of 
epiphora. Following this initial patient, we found it useful 
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to bury the knot beneath the skin. In the other five 
patients, the silicone tubes remained in position for one to 
six months. The tubes spontaneously migrated downward 
into the nose in all cases but one, in which the tube was 
removed at six months. The buried nylon suture required 
removal in only one case, and five of the six patients had 
resolution of tearing and no evidence of recurrence. 

We believe that the above technique offers several 
advantages over other methods used in these difficult 
monocanalicular intubation cases. When a combination of 
punctaplasty and subconjunctival dissection is used, the 
tube is sewn in line with the horizontal canaliculus with 
minimal tube exposure or chance of oeular irritation. In 
addition, the open dissection facilitates placement of 
secure percutaneous anchor sutures that are less likely to 
break or allow tube migration. This allows an internal 
fixation technique without exposed silicone tubing for the 
child to grasp and dislodge. The one-snip punctaplasty 
appears to have no negative side effects and may be 
beneficial in these cases. 

We advocate this technique only for cases in which 
intubation of the only canaliculus is necessary. In cases 
with an upper and lower canaliculus, we strongly prefer 
bicanalicular silicone intubation. 

JAMES R. PATRINELY, MD 
Houston 


RICHARD L. ANDERSON, MD 
Salt Lake City 


1. Braverman DE, Brown RE: Externalized silicone tube in single 
canalicular intubation. Am J Ophthalmol 1987;103:335-336. 

2. Romano P: Single silicone intubation for repair of single canaliculus 
laceration. Ann Ophthalmol 1987;18:112-113. 

3. Gonnering RS: Simplified monocanalicular silicone intubation. Arch 
Ophthalmol 1987;105:1024. 


Intraoperative Reinflation of Ruptured Cystic Tumors 
With a Balloon Catheter 


To the Editor.— Despite the fact that cystic tumors account 
for a large number of orbital lesions,' classic texts contain 
comparatively little information concerning the technical 
aspects of their removal.’ In general, sharp dissection 
under magnification and adequate illumination is used to 
separate the cyst wall from the surrounding orbital tissue. 
Removal of these lesions requires a fine balance between 
traction on the tumor itself, either with atraumatic forceps 
or a cryoprobe, and countertraction on the surrounding 
orbital tissue. This traction/countertraction develops a 
plane of dissection that is aided by the intralesional 
pressure that defines the cyst wall. 

In areas of dense adherence to surrounding tissue, 
dissection can lead to inadvertent rupture of the cyst. The 
loss of the intralesional pressure causes collapse of the 
cyst, making further identification of the cyst wall, and 
dissection, sometimes difficult. 

Putterman and Goldberg’ have described the use of a 
cryoprobe to deal with this problem. Dissection may still 
be difficult, however, as the intralesional pressure may be 
too low to define adequately the surgical plane, and the 
expanding iceball may spread to surrounding orbital struc- 
tures. An attempt can be made to close the rupture with 
atraumatic sutures and to re-form the lesion with an 
injection of saline solution, but the leak of the saline 
solution through the needle tract makes retention of 
sufficient intralesional pressure difficult. The following 
technique offers another alternative to consider when 
faced with this intraoperative complication. 


Correspondence 


~ 





Fig 1.—Size = Fegarty arterial embolectomy catheter inserted into 
lumen of ruud orvital dermoid cyst. 


—_ 


Fig 2.—Catneer bailoon inflated with saline solution, reestablishing 
intralesiona pressure. 


At the rs sign of penetration of the lesion, dissection is 
interrupted anc suction is used to evacuate thoroughly the 
contents ef the lesion. An appropriately-sized arterial 
embolectem- catheter (Fogarty Arterial Embolectomy 
- Catheter, American Edwards Laboratories, Santa Ana, 
Calif) is -aen inserted into the lumen of the cyst (Fig 1). 
This cath=te-, designed to aid in the removal of emboli and 
thrombi fen the arterial system, consists of a latex 
balloon as-ashed to a polyvinylchloride catheter body. The 
rupture is closed around the catheter with a purse-string 
suture of |-OQspo'ypropylene suture on a tapered, noncutting 
needle. T= satheter balloon is then inflated with a suffi- 
cient quarti- y ef normal saline solution to allow reestab- 
lishment ef intralesional pressure (Fig 2). Dissection is 
then con-meed. deflating and reinflating the balloon as 
needed tc define the surgical plane. This allows complete 
excision e -he cyst wall and lining epithelium over the 
inflated catheter balloon, and has been used successfully in 
~ two such cases. 

RUSSELL S. GONNERING, MD 
Milwaukee 
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Help for Patients With Vision Loss 


To the Editor.—As coauthor of Coping With Sight Loss: 
The VISION Resource Book, cited by Parrish’ as a “handy 
reference guide,” I felt compelled to respond to his editori- 
al. In nearly 20 years’ experience in the rehabilitation field, 
I have spoken with thousands of men and women who are 
learning to live with vision loss through information and 
referral services; professional and peer counseling; train- 
ing in the use of adapted aids and equipment; and employ- 
ment counseling, training, and retraining—all steps in the 
rehabilitation process. Yet there are many more individu- 
als who have not participated in this process because they 
have no knowledge of rehabilitation resources. 

Where Dr Parrish points out that ophthalmologists 
must “educate ourselves about the rehabilitation opportu- 
nities that are available,” I would argue that rehabilitation 
professionals must also accept their respensibility to edu- 
cate physicians about rehabilitation. 

How do we forge a link between the medical and the 
rehabilitation professions? How can we help the clinicians 
who save our sight to best serve those whose sight cannot 
be saved? The rehabilitation system can be the physician’s 
best ally in meeting patients’ needs, extending the care 
provided during medical treatment or after all medical 
treatment is completed, and sharing the responsibility for 
these patients so that they may regain control of their 
lives. 

One organization that educates physicians about reha- 
bilitation and produces patient education materials for 
individuals with visual impairments is Resources for 
Rehabilitation. Patient education materials are printed in 
18-point bold type for reading ease and offer patients 
resources for rehabilitation services and the equipment 
that can assist them to continue to work, read, and carry 
on daily living activities. The Rehabilitation Resource 
Manual is a desk reference that can be used by ophthal- 
mologists and office staff to make referrals effectively and 
efficiently. 

When medical and rehabilitation prefessionals work 
together, they can coordinate a comprehensive treatment 
plan, offering patients the very best services to help them 
live as independently as possible with their vision loss. 

FRAN WEISSE, LCSW 
Lexington, Mass 


Both the Rehabilitation Resource Manual anc patient education 
materials are available from Resources for Rehabilitation, 33 Bedford St, 
Suite 19-A, Lexington, MA 02173. 


1. Parrish RK Il: How we deal with our own feelings about blindness. 
Arch Ophthalmol 1988;106:31-33. 


Hypotony From Occult Bridle Suture Perforation 


To the Editor.—Profound hypotony following cataract 
extraction is usually due to wound leak, cyclodialysis cleft, 
or retinal detachment.' This case represents an occult form 
of hypotony from scleral perforation by the superior rectus 
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bridle suture. The diagnosis was made by gonioscopy © 


through the superior sector iridectomy. 


Report of a Case.—An 80-year-old woman with bilateral Fuchs’ 
endothelial dystrophy and a history of cataract extraction of the 
left eye followed by penetrating keratoplasty underwent cataract 
extraction of the right eye. The preoperative intraocular pressure 
was 13 mm Hg. Just before surgery, a Honan balloon was applied 
to the eye. The superior rectus tendon was grasped with a 
large-toothed forceps and a 4-0 silk bridle suture was placed. In 
retrospect, the surgeon recalled that the eye was soft, and some 
difficulty was encountered in making the scleral groove. This was 
assumed to be due to the Honan balloon and not the bridle suture. 
The lens was delivered intracapsularly through a sector iridecto- 
my without complication. No intraocular lens was inserted. On the 
first postoperative day, the intraocular pressure was 9 mm Hg, 
but on the second postoperative day the intraocular pressure was 3 
mm Hg. The anterior chamber was well formed, no wound leak 
was detected, and no filtering bleb was noted. 

The intraocular pressure remained between 0 and 3 mm Hg for 
the next eight months, and disc and retinal edema developed. The 
patient was examined on multiple occasions for wound leak, 
filtering bleb, cyclodialysis cleft, or retinal detachment, but none 
was noted. Another examiner then noted a possible low filtering 
bleb. Gonioscopy revealed a small round hole in the superior pars 
plana, just anterior to the ora serrata (Figure). The pars plana 
was detached, without associated sensory retinal detachment. 
Immediately adjacent to the hole was a small chorioretinal 
scar. 

The patient underwent surgical repair by the following proce- 
dure. After conjunctival peritomy, two scleral perforation sites 
were seen on either side of the superior rectus tendon insertion. 
One perforation site was healed, but the other site oozed fluid 
when pressure was applied to the globe. A lamellar scleral 
dissection was made anterior to the superior rectus muscle 
insertion. Diathermy was applied to the scleral bed and the sclera 
was reapproximated. Cryopexy was applied to the posterior aspect 
of the bed in the area of the perforation. A No. 40 encircling band 
was placed around the eye with the Watzke sleeve placed directly 
over the perforation site. 

On the second postoperative day, the intraocular pressure was 
20 mm Hg and the disc and retinal edema were improved. Over the 
ensuing four years of follow-up, the intraocular pressure 
remained at 10 mm Hg or higher. 


Comment.—Scleral perforation may occur at the time of 
cataract surgery in the form of superior rectus bridle 
suture perforation*’ or perforation with a retrobulbar 
needle.* Bridle suture perforation is more likely with a very 
soft eye, as in this case following Honan balloon applica- 
tion. These perforations may lead to retinal holes with 
detachment. The present case represents an occult form of 
superior rectus bridle suture perforation that was detected 
by gonioscopy. In fact, the perforation may have remained 
hidden if a superior sector iridectomy had not been 
present. Indirect ophthalmoscopy with scleral depression 
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Gonicscopic view of bridle suture perforation site. Broken line outlines 
margin of sector iridectomy. Arrow indicates perforation site; |, iris; and 
CP, ciliary processes. 


may also disclose anterior perforation sites and is advis- 
able in such cases. Apparently, the indirect ophthalmosco- 
py before detection of the hole in this case did not include 
examination of the area anterior to the ora serrata, but 
concentrated on ruling out a retinal detachment. 

The pars plana detachment may have been a result of 
hypctony but may also have allowed aqueous humor to 
percolate into the supraciliary space—a route analogous to 
that present with cyclodialysis cleft.! Thus, both outflow 
pathways may have contributed to the low intraocular 
pressure. Careful examination of the pars plana is suggest- 
ed ir eyes with occult postoperative hypotony, either with 
goniescopy or indirect ophthalmoscopy, to rule out occult 
scleral perforation. 

JONATHAN E. PEDERSON, MD 
HERBERT L. CANTRILL, MD 
Minneapolis 
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Painless, Pupil-Sparing but 
Otherwise Cemplete Oculomotor 
Nerve Paresis Caused by Basilar 


Artery Apeurysm 


To the de or.—Oculomotor nerve 
paresis s = well-known sign of 
enlargement or rupture of an intra- 
cranial ameurysm. The aneurysm is 
usually lecaied at the junction of the 
posteriormeonmmmunicating and internal 
carotid a~terzes, but occasionally may 
be at the tipeef the basilar artery. The 
oculomotar nerve paresis may be com- 
plete or mcemplete, but it is usually 
charactemzec by damage to pupillo- 
motor fibers, ~esulting in an enlarged, 
poorly reactie pupil on the side of the 
paresis In adcition, oculomotor nerve 
paresis eaused by an intracranial 
aneurysi iselmost always associated 
with severe ocular or periorbital pain. 
We describe a patient in whom an 
intracramial aneurysm that origi- 
nated et the zip of the basilar artery 
produced a painless, pupil-sparing, 
but etae-wise complete oculomotor 
nerve paresi= 

Report cf a Case.—A 65-year-old, hyper- 
tensive wemar presented to the Wilmer 
Institute ef Tre Johns Hopkins Hospital, 
Baltimore. with a one-month history of 
complete ptosis of the right eye. She abso- 
lutely demed -ny headache, and had no 
pain er discomfort in the right orbital 
region. Waen rst examined, the patient 





had a right oculomotor nerve paresis with 
complete absence of adduction, elevation, 
and depression of the right eye and a 
complete right ptosis (Fig 1). The right eye 
abducted fully, and there was definite 
intorsion of the eye when the patient 
attempted to look down and to the right. 
Both pupils measured 3 mm in diameter in 
light and 5 mm in darkness, and both 
constricted briskly to light stimulation. 
Results of the remainder of the ocular 
examination were normal. 

Ten milligrams of edrophonium chloride 
was injected intravenously without im- 
provement in ptosis or extraocular muscle 
function. Topical 10% cocaine hydrochlo- 
ride was placed in both eyes and produced 
equal dilation of both pupils. The erythro- 
cyte sedimentation rate was normal, and a 
glucose tolerance test also gave normal 
results. A diagnosis of presumed vasculo- 
pathic oculomotor nerve paresis was made, 
and it was elected to observe the patient at 
regular intervals. 

The patient returned one month later 
(two months after the onset of ptosis), at 
which time an examination showed no 
change. The patient continued to deny 
headache, pain, or discomfort. Neverthe- 
less, a computed tomographic scan was 
performed. The scan disclosed a bilobed 
mass in the region of the junction of the 
basilar and posterior cerebral arteries (Fig 
2, left). One lebe of the mass measured 
2 X 2 X 3cm and was enhanced after intra- 
venous injection of iodinated contrast 
material. The other lobe was approximate- 
ly the same size. It appeared to be calcified 
and was not enhanced by contrast materi- 
al. The patient was admitted to The Johns 





Hopkins Hospital fer cerebral arteriogra- 
phy, which disclosed an aneurysm origi- 
nating from the tip of the basilar artery 
and projecting toward the right side (Fig 2, 
right). An attempt was made to occlude the 
aneurysm with a detachable balloon, but 
this was unsuccessful. During the next 
three months the patient’s oculomotor 
nerve paresis remained unchanged. 


Comment.—Several axioms con- 
cerning oculomotor nerve pareses 
appear to have been violated by this 
case. In most instances, oculomotor 
nerve pareses caused by intradural 
aneurysms are associated with pupil- 
lary dilation and decreased velocity 
and extent of constriction.’ Although 
pupil-sparing oculomotor nerve pare- 
ses caused by aneurysm do occasional- 
ly occur, such pareses have always 
been said to be incomplete with 
respect to ocular motility. As ocular 
motility becomes maximally affected, 
the pupil invariably becomes in- 
volved.” Trobe? has emphasized that 
patients exist whose pupillary sphinc- 
ter is completely spared, but whose 
extraocular museles innervated by 
branches of the oculomotor nerve are 
completely palsied. Such patients usu- 
ally have a primary ischemic process, 
and Trobe has stated that no case of 
aneurysm (at least not one at the 
junction of the internal carotid and 
posterior communicating arteries) 
has been reported to cause such a 





Fig 1.—Composite photograph of patient showing pupil-sparing oculomotor nerve paresis that 
nevertheless maximally affects all extraocular muscles innervated by branches of oculomotor 


nerve. 
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Fig 2.—Neuroimaging studies performed in patient illustrated in Fig 1. 





Left, Computed 


tomographic scan shows bilobed mass in region of junction of right posterior cerebral and basilar 
arteries. One lobe of mass is enhanced after intravenous injection of contrast material. Other lobe 
is calcified and is not enhanced. Right, Right vertebral angiogram shows aneurysm at head of 
basilar artery. Only one lobe of aneurysm fills with dye. Other lobe is presumalby completely 
calcified and has been subtracted from illustration. 


paresis. Nevertheless, Bixenman* has 
described a patient in whom a pitu- 
itary adenoma produced such a condi- 
tion, and our patient’s case would 
appear to fit into this category. 

The second notable aspect of this 
patient’s presentation is the absence 
of any associated pain or discomfort. 
Ocular or orbital pain has been 
thought to be an essential element in 
the clinical picture of all oculomotor 
nerve pareses caused by intracranial 
aneurysms.' Our patient had no such 
pain or discomfort during the more 
than five months that she had an 
oculomotor nerve paresis. 

This case of a painless, pupil-spar- 
ing, but otherwise complete oculomo- 
tor nerve paresis caused by an intra- 
cranial aneurysm raises questions 
about the traditional management of 
patients who have an oculomotor 
nerve paresis. We believe that most 
ophthalmologists would have elected 
to observe this patient at regular 
intervals as we did, assuming that the 
paresis was caused by small-vessel 
ischemic disease. While this may still 
be appropriate in most cases, it is 
clear that such a presentation may 
nevertheless be caused by an aneu- 
rysm or other compressive lesion. 
This fact, combined with the avail- 
ability of completely safe neuroimag- 
ing studies, suggests that perhaps all 
patients with oculomotor nerve pare- 
ses, whether or not there is pain or 
involvement of the pupil, should 
undergo neuroimaging to ensure that 
the cause of the paresis is not a treat- 
able intracranial lesion. 

JAY M. LUSTBADER, MD 
NEIL R. MILLER, MD 
Baltimore 
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Transient Oculomotor Nerve 
Misdirection in a Case of Pituitary 
Tumor With Hemorrhage 


To the Editor.—Transient oculomotor 
nerve misdirection has been reported 
in ophthalmoplegic migraine, with 
complete resolution occurring within 
three months.' We present a patient 
who had an acute onset of oculomotor 
nerve paresis, concurrent oculomotor 
nerve misdirection, and complete res- 
olution of misdirection within ten 
days. We believe that in our patient, 
acute hemorrhage in the pituitary 
tumor was the inciting event for the 
acute oculomotor nerve palsy and mis- 
direction. Peripheral ephaptic trans- 
mission is believed to be the most 
likely mechanism for the transient 
oculomotor nerve misdirection. 
Report of a Case.—A 70-year-old man 
presented with a sudden onset of right 
blepharoptosis, horizontal diplopia, and 
bifrontal headache. His visual acuity and 
visual fields were normal. The right pupil 
reacted sluggishly to light and was 1 mm 
larger than the left pupil. A right upper 
eyelid ptosis was present. Supraduction 
and infraduction of the right eye were 
moderately reduced, while adduction of the 
right eye was slightly reduced. Right upper 
eyelid retraction and right eye pupillary 
constriction occurred on adduetion and 
infraduction, indicating oculomotor nerve 


misdirection. Results of the neuro-oph- 
thalmologic examination were otherwise 
normal. A diagnosis of right-sided oculo- 
motor nerve paresis with concurrent oculo- 
motor nerve misdirection was made. A 
computed tomographic scan (Figure) 
showed a large sellar mass with suprasel- 
lar extension, compatible with a pituitary 
tumor. A cerebral angiogram showed lat- 
eral displacement of the internal carotid 
artery at the carotid siphon. 

Ten days after the initial examination, 
the headache resolved and the patient was 
asymptomatic except for horizontal diplo- 
pia. All signs of oculomotor nerve misdi- 
rection and right upper lid ptosis were 
absent. Limitations of right eye supraduc- 
tion, infraduction, and adduction persisted. 
The patient underwent transsphenoidal 
resection of the tumor two weeks after our 
initial examination. A large hematoma 
was evacuated from the tumor. Histopath- 
ologic examination confirmed a pituitary 
adenoma with hemosiderin deposition 
within the tumor. Clinical examination 
two weeks after surgery showed normal 
supraduction, infraduction, and adduction 
of the right eye, with complete resolution 
of the oculomotor nerve paresis. 


Comment.—Our patient had a 
right-sided oculomotor nerve paresis 
and concurrent oculomotor nerve mis- 
direction. The resolution of the oculo- 
motor misdirection oceurred within 
ten days of the onset. Theories previ- 
ously postulated to explain oculomo- 
tor nerve misdirection include aber- 
rant regeneration of peripheral fibers, 
central synaptic reorganization, and 
peripheral ephaptic transmission.” 
The simultaneous onset of the oculo- 
motor nerve paresis and misdirection, 
and short duration of the oculomotor 
misdirection, made peripheral aber- 
rant regeneration and central synap- 
tic reorganization untenable causes of 
the transient misdirection. 

We believe that peripheral ephaptic 
transmission accounted for the oculo- 
motor nerve misdirection in this case. 
In ephaptic transmission, nerve 
impulse conduction is “leaky” and 
impulses spread to adjacent nerve 
fibers. This coupling of nerve 
impulses may be transient if the 
extrinsic compression promoting the 
leaky conduction is removed. Ephap- 
tic transmission resulting from com- 
pression of the facial nerve has been 
suggested as a mechanism for the 
synkinesis in hemifacial spasm.* In 
these cases, hemifacial spasm re- 
solved following surgical decompres- 
sion of the facial nerve. We believe the 
rapid expansion of the pituitary 
tumor caused by hemorrhage ac- 
counted for the acute oculomotor 
nerve paresis in the case presented. 
Peripheral ephaptic transmission 
probably occurred at the site of injury 
to produce the oculomotor nerve mis- 
direction. As the tumor expansion 
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Corona! computed tomographic scan showing 
large pituitary mass with suprasellar extension 


(arrow). 


subsided, there was less compression 
of the oculemeter nerve and resolu- 
tion ef the ephaptic transmission. 
These events could conceivably occur 
in the short time period during which 
signs of misdirection were seen. 

This case supports the concept of 
peripheral ephaptic transmission as a 
cause of oculomotor nerve misdirec- 
tion. However, it does not discredit 
the theories of aberrant regeneration 
or central synaptic reorganization as 
causes of other reported cases of ocu- 
lometer nerve misdirection. 

LENWORTH N. JOHNSON, MD 
W. LaMont Pack, MD 
Hershey, Pa 


Presented in part at the 43rd Annual Meeting 
of the Pennsylvania Academy of Ophthalmology 
and Otolarynge ogy, Bedford, Pa, June 12, 1987. 
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Delayed Suprachoroidal 
Hemorrhage Following Filtration 


Surgery 


To the Editer.—Delayed suprachoroi- 
dal hemorrhage following filtration 
surgery has recently been reviewed in 
the ARCHIVES.’ Treatment methods 
include draining the suprachoroidal 
hemorrhage, re-forming the anterior 
chamber with the placement of an air 
bubble,' and using a continuous infu- 
sion air pump.’ In recent years, fluoro- 
carbon gases have been used in retinal 
surgery to provide a longer lasting 
substitute fer vitreous than air. We 
used octafluaroeyclobutane (C,F,) gas 
to re-form the anterior chamber of a 
patient with a recurrent choroidal 
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hemorrhage after glaucoma filtering 
surgery. 


Report of a Case.—A Tl-year-old man 
with a history of amblyopia in his left eye 
and chronic angle closure glaucoma in his 
right eye was referred to the University of 
Illinois Eye and Ear Infirmary, Chicago, 
on Aug 26, 1986. Four days previously he 
had undergone a Scheie procedure in the 
right eye, with subsequent flattening of 
the anterior chamber and suprachoroidal 
hemorrhage. A posterior sclerostomy 
drainage procedure had failed. Our exami- 
nation revealed his visual acuity to be 
counting fingers in both eyes. The right eye 
was hyperemic, with a small superior bleb. 
There was 1+ corneal edema. The anterior 
chamber was one-eighth corneal thickness 
in depth centrally and flat peripherally for 
360°. A laser peripheral iridectomy was 
located medially; there was 360° of posteri- 
or synechiae; and a small blood clot was 
present in the iris inferiorly. There was 2+ 
pigment on the anterior lens capsule. The 
posterior pole was not visible. Other than a 
surgical iridectomy, the left eye was nor- 
mal. Applanation tonometry was 22 mm 
Hg OD and 14 mm Hg OS. Ultrasonogra- 
phy of the right eye disclosed choroidal 
effusion medially, inferiorly, and tempo- 
rally, which appeared to be “kissing” cen- 
trally. A medical workup revealed no 
bleeding diathesis. The next day the 
patient’s anterior chamber was re-formed 
through a limbal incision with a gas-air 
mixture of 18% C,F, gas and 82% filtered 
air, and the suprachoroidal hemorrhage 
was drained through multiple scleroto- 
mies. Dexamethasone hydrochloride (5 
mg) and gentamicin sulfate (20 mg) were 
injected subconjunctivally. All glaucoma 
medication was stopped. 

One day postoperatively the anterior 
chamber was formed with a 60% gas bub- 
ble. Applanation tonometry measured the 
intraocular pressure (IOP) at 16 mm Hg. 
The fundus was still not visible. Three days 
postoperatively the choroidal effusion 
recurred. Except for the gas bubble, the 
anterior chamber was flat, and an ultra- 
sonogram showed an inferior choroidal 
effusion. The IOP remained at 16 mm Hg. 
The anterior chamber was re-formed fur- 
ther with the same mixture of gas injected 
through the limbus with a 30-gauge needle; 
the IOP remained below 20 mm Hg. After 
this procedure the anterior chamber 
remained formed with a 60% gas bubble. 
After three days the patient was dis- 
charged on a regimen of 0.5% timolol 
maleate and 1% atropine sulfate, one drop 
to the right eye twice a day; 1% predniso- 
lone acetate, one drop to the right eye 
every three hours; and oral prednisone. 
Three days postoperatively a 50% gas bub- 
ble was noted, and at one week a 30% gas 
bubble was still present in the anterior 
chamber. 

Two weeks after discharge the patient’s 
visual acuity remained at counting fingers. 
No bleb was present. There was 2+ corneal 
edema. The anterior chamber was deep 
without a gas bubble, and the IOP was 42 
mm Hg. Goniosecopy revealed 180° of 
peripheral anterior synechiae, with trabec- 
ular meshwork easily visible inferiorly. 
Magnetic resonance imaging and ultraso- 
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nography showed a small hemorrhagic 
choroidal detachment inferiorly. Due to 
this improvement, no further intervention 
was considered for this problem; however, 
a trabeculectomy was performed followed 
by one subconjunctiva’ injection of fluo- 
rouracil one day postoperatively. The ante- 
rior chamber remained formed with an 
IOP of 12 mm Hg. The patient refused any 
additional injections and was discharged 
to the care of the referring ophthalmolo- 
gist two days postoperatively. On the third 
postoperative day the patient died of dis- 
section of a previously Ccocumented thorac- 
ic aneurysm. 


Comment.—To our knowledge, this 
is the first report of C,F, gas being 
used to deepen the anterior chamber. 
The advantage of this gas over air is 
its longevity in the anterior chamber, 
as demonstrated by the duration of 
the gas bubble for mere than one week 
in our patient after his second choroi- 
dal hemorrhage. Since the gas bubble 
kept the chamber from completely 
flattening, further deepening of the 
chamber was presumably facilitated. 
It should be noted that our gas-to-air 
ratio was selected to minimize expan- 
sion and to lessen the possibility of 
increasing the IOP. One possible com- 
plication, as reported in an animal 
model, is that C,F; gas may cause 
anterior cataract.‘ This complication 
was not noted in our patient during 
the two weeks of follow-up before his 
death. We believe that C,F, gas may 
be beneficial in the treatment of 
recurrent suprachoreidal hemorrhage 
with anterior chamber flattening. 

GEOFPREY R. KAPLAN, MD 
EvE J. HIGGINBOTHAM, MD 
STEVEN B. COHEN, MD 
Chicago 


1. Frenkel REP, Shin DH: Prevention and 
management of delayed suprachoroidal hemor- 
rhages after filtrationssurgery. Arch Ophthalmol 
1986;104:1459-1463. 

2. Abrams GW, Thomas MA, William GA, et 
al: Management of postoperative suprachoroidal 
hemorrhage with continuous infusion air pump. 
Arch Ophthalmol 1986104=1 455-1458. 

3. Lincoff H, Coleman J, Kreissig I, et al: The 
perfluorocarbon gases in the treatment of retinal 
detachment. Ophthalmology 1986;90:546-551. 

4. Peyman GA, Vygantas CM, Bennett TO, et 
al: Octafluorocyclobutane in vitreous and aque- 
ous humor replacement. Arch Ophthalmol 1975; 
93:514-517. 


Serpiginous Chopoiditis With Branch 
Vein Occlusion and Bilateral 
Periphlebitis 


To the Editor.—Serpiginous choroidi- 
tis is a recurrent, bilateral, multifocal 
inflammatory disease. Branch vein 
occlusion, retinal phiebitis, optic disc 
drusen, and elevated toxoplasmosis 
titers were unusual associated find- 
ings in the case Gescribed below. 


Report of a Case.—A healthy 42-year-old 
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Fig 1.—Multiple areas of periphlebitis and venous beading 
superior to disc in right eye. Broad flame hemorrhages indicate 
that superior branch vein occlusion has occurred. 


man noted blurring of the vision in his right 
eye. Visual acuity was 6/24 OD and 6/9 OS. 
Funduscopic examination disclosed multi- 
ple, oval, atrophic choroidal lesions and 
small optic dise drusen in both eyes. In the 
right eye, intraretinal hemorrhage charac- 
teristic of a branch vein occlusion was seen 
superotemporally along with focal areas of 
periphlebitis(Fig1). In the left eye, an active 
gray-white lesion contiguous with a geo- 
graphic zone of choroidal atrophy was 
present inferior to the macula along with 
periphlebitis (Fig 2). No cells were present 
in the vitreous cavity or in the anterior 
segment. The sedimentation rate, serum 
fluorescent treponomal antibody absorp- 
tion, VDRL, and angiotensin-converting 
enzyme, complete blood cell count with 
differential, antinuclear antibody, and 
chest roentgenogram were normal; a serum 
toxoplasmosis IgG fluorescent immunoas- 
say was positive at 74 fluorescent units 
(normal, <16 fluorescent units). 

The active lesions faded over a two- 
month period, and visual acuity improved 
to 6/9 OU. A repeated serum toxoplasmo- 
sis IgG level measurement was positive at 
58 fluorescent units. 

Four months after initial presentation, 
visual acuity decreased to 6/12 OS. A 
creamy white chorioretinal lesion had 
developed just below the fovea. Oral pred- 
nisone was administered and, in view of 
the positive toxoplasmosis test results, tet- 
racycline was given concomitantly. The 
active lesion resolved within six weeks. 
There were additional recurrences in both 
eyes during the next ten months, after 
which the visual acuity stabilized at 6/9 
OU. The optic disc drusen remained 
unchanged. A final toxoplasmosis IgG 
antibody level obtained two years after 
initial presentation was 89 fluorescent 
units; toxoplasmosis IgM antibody test 
results were negative. 


Comment.—F lat, creamy-white cho- 
rioretinal lesions are seen in serpigi- 
nous choroiditis, acute multifocal 
placoid pigment epithelialopathy 
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(AMPEE), and acute toxoplasmosis. 
In serpiginous choroiditis and toxo- 
plasmosis, the active lesions often 
begin at the edge of a previous chori- 
oretinal scar, while recurrences are 
uncommon in AMPEE. In approxi- 
mately one third of serpiginous cases, 
associated vitreous cells overlay the 
active lesions, while in toxoplasmosis 
the vitreous is usually markedly infil- 
trated, reducing vision from media 
opacities. The scarring associated 
with serpiginous choroiditis is geo- 
graphic, and often extends outward 
centrifugally from the peripapillary 
region.' In AMPPE scarring is usually 
limited to pigment mottling, while in 
toxoplasmosis the chorioretinal scars 
are very atrophic, indicating more 
extensive destruction of the chorio- 
capillaris and pigment epithelium. 

In the present case multiple regions 
of periphlebitis were seen in both eyes 
on initial examination. In the right 
eye most of the perivenous inflamma- 
tion was located along the superior 
temporal vein, strongly suggesting 
that the periphlebitis was the under- 
lying cause of the occlusion. Branch 
vein occlusion secondary to perivascu- 
litis has been described previously in 
serpiginous choroiditis.2 Atrophic 
chorioretinal scarring developed be- 
neath some regions of periphlebitis 
but not others. This suggests that the 
perivascular response may be the 
result of antigen-antibody interac- 
tions in the wall of the veins, rather 
than merely the extension of choroi- 
dal inflammation into the inner reti- 
nal layers. 

The drusen of the optic nerve head 
seen on clinical examination were 
subtle and not easily photographed. 
They may have contributed to the 





Fig 2.—Geographic chorioretinal scarring along inferior tempo- 
ral arcade in left eye. Focal venous narrowing and zones of 
hemorrhagic perivasculitis are apparent. 


venous stasis if, deep within the nerve 
head, the caliber of the lumen of the 
central retinal vein was reduced. 

The positive toxoplasmosis test 
results may have been incidental find- 
ings. Serum IgG levels are often ele- 
vated months to years after an active 
infection. On the other hand, elevated 
serum IgM levels would indicate an 
active infection within the past sever- 
al months.’ These measures were not 
obtained from our patient until the 
chorioretinitis had been quiescent for 
six months and specimens drawn pre- 
viously were unavailable for determi- 
nation of IgM levels. Although atypi- 
cal forms of ocular toxoplasmosis 
have been described,* they have not 
had the features described in the 
present case. 

The cause of serpiginous choroiditis 
is unknown and therefore treatment 
is empirical. Systemic steroids may be 
occasionally useful. 

THOMAS R. FRIBERG, MD 
Pittsburgh 
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Macular Hole Secondary 
to Pneumatic Retinopexy 


To the Editor.—Pneumatic retinopexy 
with expandable gas is gaining popu- 
larity as an alternative method of 
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Bullous retinal éetachment at initial presentation. Note two somewhat ragged semilunar tears and 
small raund hote superiorly and round hole on flat retina inferiorly. 


treating superior rhegmatogenous 
retina. detac«ments. Several compli- 
cations have deen reported with this 
procedure. W= recently observed the 
occurrenee of a macular hole in one 
patien that developed shortly after 
she received an intraocular injection 
of suar hexafluoride. We believe 
that the macular hole was related to 
and is an imoortant complication of 
this procedur = 


Repor of a Gase.—A 64-year-old woman 
presented with a one-week history of 
blurred vision n her right eye. Best cor- 
rected ~sual aeuity was 20/200 OD. Reti- 
nal exemiraticm revealed a very bullous 
detachment from the 8-o’clock to 2:30 posi- 
tions im a clockwise direction. Two semilu- 
nar teams and a small round hole were 
noted a- che 1-welock position; a round hole 
on flat etina was visualized at the 5:30 
position. The macula was detached but 
otherw& intacz (Figure). 

The patient vas treated with pneumatic 
retimopecy on tae day of the initial exami- 
natien. Crwopexy of the tears was not 
possible at thať time due to the extremely 
bulleus sature of the detachment. Using 
the previously scribed technique,! 0.5 mL 
of SF, was mjected through the pars plana 
at the 320 posiben, 3.5 mm posterior to the 
limbus. The stamroller maneuver! was 
performed to tr~to decrease the amount of 
subretinal tiui@ and to position the intra- 
ocular gas bub} e against the retinal tears 
to ftacii*tate eryopexy. A considerable 
amount of subretinal fluid remained even 
though tae gas subble adequately tampon- 
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aded the retinal tears, allowing cryopexy 
of both the choroid and overlying retina. 
The inferior hole was also treated with 
cryopexy. 

On the first day after surgery, the supe- 
rior retina was flat; however, a bullous 
detachment was observed inferiorly. The 
superior tears remained well attached on 
the second day after surgery, but the bul- 
lous detachment persisted inferiorly. The 
macula was flat. Five days after the proce- 
dure, a moderate amount of fluid had 
collected in the posterior pole, and a macu- 
lar hole had developed. The inferior bul- 
lous retinal detachment remained un- 
changed. Three days of face-down position- 
ing did not tamponade the macular hole, 
and the detachment persisted. Ultimately, 
the retina was reattached with vitrectomy, 
360° scleral buekling, and drainage of the 
subretinal fluid through the macular hole. 
The resultant visual acuity was 20/400. 


Comment.—It was believed that the 
inferior bulleus retinal detachment 
noted initially on the first day after 
surgery was due to a shift in subreti- 
nal fluid rather than any reaccumula- 
tion; however, it is conceivable that 
the shift of fluid inferiorly opened the 
previously frozen inferior retinal hole, 
which could not be seen ophthalmo- 
scopically. Also, there is no doubt that 
additional fluid would have passed 
through the macular hole once it 
developed. In retrospect, we advise 
against using pneumatic retinopexy in 
the presence of inferior retinal holes 


even if they have been treated. 

Previously reported complications 
of pneumatic retinopexy have in- 
cluded extension of retinal detach- 
ments, new retinal detachments, 
detachment of thepars plana epitheli- 
um, macular pucker,' and new posteri- 
orly located retinal breaks.? Our find- 
ing of a macular hole after this proce- 
dure has not been previously reported 
and is a particularly devastating com- 
plication, since, through its occur- 
rence, central visual acuity is perma- 
nently impaired. 

Two possible mechanisms may 
explain how the macular hole devel- 
oped. The first mechanism involves 
vitreous traction en the macula that 
may have been ereated as the gas 
tracked between the retina and the 
posterior vitreous face, causing a hole. 
The second and less likely mechanism 
is that a shift of the large amount of 
subretinal fluid redetached the macu- 
la and, in so doing, created untoward 
stress on its delicate structure, caus- 
ing a hole. The incidence of macular 
holes caused by the first mechanism 
could be reduced by careful evaluation 
of the posterior vitreomacular inter- 
face with a contact lens prior to treat- 
ment. This would reduce the risk of 
placing gas into the potential space 
between the retina and the posterior 
vitreous face in those patients with 
vitreous adherent to the macula. In 
the event that vitreomacular traction 
is present, the technique of liquid 
vitreous-gas exchange, as described 
by Blankenship and Ibanez-Langlois,’ 
might be safely employed. To avoid 
macular holes caused by the second 
mechanism, more determined efforts 
at steamrolling to reduce the amount 
of subretinal fluid should be under- 
taken. 

Pneumatic retinopexy with expand- 
able gas is still a relatively new proce- 
dure with potential sight-threatening 
complications. We would like to 
emphasize that this technique may 
not be as benign as previously thought 
and that the creation of a macular 
hole occurring after the intraocular 
injection of an expandable gas will 
likely lead to a worse visual prognosis 
compared with the standard scleral 
buckling operation. 

PAUL E. RUNGE, MD 
GEORGE J. WYHINNY, MD 
Chicago 
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Recent Clinical Evaluation Demonstrated.. 


In patients previously controlled on today’s standard 
for glaucoma therapy, betaxolol was unable to provide 
comparable IOP control. 


[NEMPMPARABLE GLAUCOMA THERAPY TODAY 











BONI LUGE CON ROS 


OF YOUR PATIENT'S IOP 


In a multicenter study, recent clinical evaluation,'* of 353 patients with a history of 
satisfactory IOP control and tolerability while on TIMOPTIC* (Timolol Maleate, MSD): 


@ Confirmed the benefits of maintaining therapy with TIMOPTIC for IOP control 
m Demonstrated that TIMOPTIC surpassed Betoptic in maintaining IOP control 


In patients previously controlled on TIMOPTIC, Betoptic was unable to maintain 
comparable IOP control: 


mm Hg 


21 MEAN INTRAOCULAR PRESSURE 
Average Eye 


betaxolol 


TIMOPTIC 
m r T 


week 1 week 4+ week 8+ 
*p =0.01 


Atweek 12, 97% of 149 patients on TIMOPTIC continued to be 
satisfactorily controlled. 


At weeks 4, 8, and 12, significant increases in baseline IOP (p =0.01) 
were seen in the patients treated with Betoptic. 


‘Data available upon request from Merck Sharp & Dohme, Professional Services Department, West Point, PA 19486 


2A total of 353 patients whose IOP was satisfactorily controlled with TIMOPTIC and in whom the drug was well toler- 
ated were continued on TIMOPTIC 0.5% b.i.d. during a 2-week baseline period. Patients contributing data were then 
randomly assigned in a double-masked fashion in demographically similar groups to continue to receive either 
TIMOPTIC 0.5% b.i.d. (n = 149) or Betoptic 0.5% b.i.d. (n = 146). Following a baseline measurement, patients were 
evaluated for IOP after 1, 4, 8, and 12 weeks of therapy. In the average-eye approach, values from the right and left 
eye were averaged at each time point to obtain the values used in the analysis. In the worst-eye approach, the eye 
with the higher baseline IOP was followed throughout the course of the study. 


As with the use of other antiglaucoma drugs, diminished responsiveness to TIMOPTIC after prolonged therapy has 
been reported in some patients. However, in one long-term study in which 96 patients have been followed for at 
least 3 years, no significant difference in mean IOP has been observed after initial stabilization. 

TIMOPTIC is contraindicated in patients with bronchial asthma, a history of bronchial asthma, or severe chronic 
obstructive pulmonary disease (see WARNINGS); sinus bradycardia; second- and third-degree atrioventricular block; 
overt cardiac failure (see WARNINGS); cardiogenic shock; and hypersensitivity to any component of this product. 


NOTE: Betoptic is the registered trademark of Alcon Laboratories, Inc. for betaxolol hydrochloride 
Copyright © 1987 by Merck & Co., INC. 
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‘p< 0001 Week 1 Week 4° Week 8' Week 12° 


Nearly 1 out of 5 patients treated with Betoptic showed an increase in IOP = +5 mm Hgat week 12 


|| Forthe majority of patients 
ii with chronic open-angle 
‘|| glaucoma or elevated IOP 
i who are at sufficient risk 
TEU TIR to require therapy 
(TIMOLOL MALEATE! MSD) 


- STERILE OPHTHALMIC SOLUTION 


Before prescribing TIMOPTIC, please see the Brief Summary of Prescribing Information on the following page. 





TIMOPTIC 


(TIMOLOL MALEATE|MSD 


STERILE OPHTHALMIC SOLUTION 


How to start patients on TIMOPTIC: 
Usual starting dosage: one drop 0.25% TIMOPTIC in the affected eye(s) twice a day. 


How to transfer from another topical ophthalmic beta-adrenergic blocking agent 
to TIMOPTIC: 
1. On the first day, after proper dosing, discontinue the topical agent being used. 


2. On the second day, start treatment with one drop of 0.25% TIMOPTIC in the 
affected eye(s) b.i.d. 


How to transfer from a single antiglaucoma agent (other than a topical 
ophthalmic beta-adrenergic blocking agent) to TIMOPTIC: 

1. On the first day, continue with the agent already being used and add one drop 
0.25% TIMOPTIC in the affected eye(s) b.i.d. 


2. On the second day, discontinue the previously used agent and continue with 
TIMOPTIC in the affected eye(s) b.i.d. 


How to transfer from several concomitantly administered antiglaucoma agents 
to TIMOPTIC: 

1. If any agent is an ophthalmic beta-adrenergic blocker, discontinue before starting 
TIMOPTIC. 


2. Continue the other agents being used, but add one drop of 0.25% TIMOPTIC to 
the affected eye(s) b.i.d. 


3. On the following day, discontinue one of the other antiglaucoma agents. 


4. The remaining antiglaucoma agents may be decreased or discontinued 
according to the patient's response to treatment. 


If clinical response is not adequate: 
Dosage may be increased (from the 0.25% solution) by changing to one drop 0.5% 
TIMOPTIC twice a day in the affected eye(s). Dosages above one drop of 0.5% 
TIMOPTIC twice a day generally have not been shown to produce further reduction 
of IOP. If the intraocular pressure is maintained at satisfactory levels, the dosage 
schedule may be changed to one drop once a day in the affected eye(s). 

In patients with a history of severe cardiac disease, signs of cardiac failure should 
be watched for and pulse rates should be checked. 


CONTRAINDICATIONS: TIMOPTIC is contraindicated in patients with bronchial asthma, a history of bron- 
chial asthma, or severe chronic obstructive pulmonary disease (see WARNINGS): sinus bradycardia; sec- 
ond- and third-degree atrioventricular block. overt cardiac failure (see WARNINGS): cardiogenic shock: 
hypersensitivity to any component of this product. 
WARNINGS: As with other topically applied ophthalmic drugs, this drug may be absorbed systemically 

The same adverse reactions found with systemic administration of beta-adrenergic blocking agents 
may occur with topical administration. For example, severe respiratory reactions and cardiac reactions, 
including death due to bronchospasm in patients with asthma and, rarely, death in association with car- 
diac failure, have been reported following administration of TIMOPTIC (see CONTRAINDICATIONS). 
Cardiac Failure: Sympathetic stimulation may be essential for support of the circulation in individuals with 
diminished myocardial contractility, and its inhibition by beta-adrenergic receptor blockade may precipitate 
more severe failure 
In Patients Without a History of Cardiac Failure: Continued depression of the myocardium with beta-blocking 
agents over a period of time can, in some cases, lead to cardiac failure. At the first sign or symptom of 
cardiac failure, TIMOPTIC should be discontinued 
Obstructive Pulmonary Disease: PATIENTS WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE (e.g. 
CHRONIC BRONCHITIS, EMPHYSEMA) OF MILD OR MODERATE SEVERITY, BRONCHOSPASTIC DISEASE 
OR HISTORY OF BRONCHOSPASTIC DISEASE (OTHER THAN BRONCHIAL ASTHMA OR HISTORY OF BRON- 
CHIAL ASTHMA. IN WHICH ‘TIMOPTIC’ IS CONTRAINDICATED, see CONTRAINDICATIONS) SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. INCLUDING ‘TIMOPTIC’. However. if TIMOPTIC is necessary in 
such patients, then the drug should be administered with caution since it may block bronchodilation pro- 
duced by endogenous and exogenous catecholamine stimulation of beta, receptors 
Major Surgery: The necessity or desirability of withdrawal of beta-adrenergic blocking agents prior to major 
surgery is controversial. Beta-adrenergic receptor blockade impairs the ability of the heart to respond to 
beta-adrenergically mediated reflex stimuli. This may augment the risk of general anesthesia in surgical pro- 
cedures. Some patients receiving beta-adrenergic receptor blocking agents have been subject to protracted 
severe hypotension during anesthesia. Difficulty in restarting and maintaining the heartbeat has also been 
reported. For these reasons, in patients undergoing elective surgery, some authorities recommend gradual 
withdrawal of beta-adrenergic receptor blocking agents. 

lf necessary during surgery, the effects of beta-adrenergic blocking agents may be reversed by sufficient 
doses of such agonists as isoproterenol, dopamine, dobutamine, or levarterenol 
Diabetes Mellitus: Beta-adrenergic blocking agents should be administered with caution to patients subject 
to spontaneous hypoglycemia or to diabetic patients (especially those with labile diabetes) who are receiving 
insulin or oral hypoglycemic agents. Beta-adrenergic receptor blocking agents may mask the signs and 
symptoms of acute hypoglycemia 
Thyrotoxicosis. Beta-adrenergic blocking agents may mask certain clinical signs (e.g. . tachycardia) of 
hyperthyroidism. Patients suspected of developing thyrotoxicosis should be managed carefully to avoid 
abrupt withdrawal of beta-adrenergic blocking agents which might precipitate a thyroid storm 
PRECAUTIONS: General: Patients who are receiving a beta-adrenergic blocking agent orally and TIMOPTIC 
should be observed for a potential additive effect either on the intraocular pressure or on the known systemic 
effects of beta blockade 

Patients should not receive two topical ophthalmic beta-adrenergic blocking agents concurrently 

Because of potential effects of beta-adrenergic blocking agents relative to blood pressure and pulse. these 
agents should be used with caution in patients with cerebrovascular insufficiency. If signs or symptoms 
suggesting reduced cerebral blood flow develop following initiation of therapy with TIMOPTIC, alternative 
therapy should be considered 
Muscle Weakness: Beta-adrenergic blockade has been reported to potentiate muscle weakness consistent 
with certain myasthenic symptoms (e.g . diplopia. ptosis, and generalized weakness) Timolol has been 
reported rarely to increase muscle weakness in some patients with myasthenia gravis or myasthenic symp- 
toms 

In patients with angie-closure glaucoma, the immediate objective of treatment is to reopen the angle This 
requires constricting the pupil with amiotic TIMOPTIC has little or no effect on the pupil. When TIMOPTIC is 


INCOMPARABLE 


GLAUCOMA 


used to reduce elevated intraocular pressure in angle-closure glaucoma, it should be used with a miot and 
not alone 

As with the use of other antiglaucoma drugs. diminished responsiveness to TIMOPTIC’ (Timolo! Maleate 
MSD) after prolonged therapy has been reported in some patients However. none long-term study in which 
96 patients have been followed for at least three years, no significant difference in mean intraocular pressure 
has been observed after initial stabilization 
Drug Interactions: Although TIMOPTIC used alone has little or no effect on pupil size. mydriasis resulting 
from concomitant therapy with TIMOPTIC and epinephrine has been reported occasionally 

Close observation of the patient is recommended when a beta blocker is administered to patients receiving 
catecholamine-depleting drugs such as reserpine, because of possible additive effects and the production of 
hypotension and or marked bradycardia, which may produce vertigo. syncope. or postural hypotension 

Caution should be used in the coadministration of beta-adrenergic blocking agents. such as TIMOPTIC. 
and oral or intravenous calcium antagonists. because of possible atrioventricular conduction disturbances. 
left ventricular failure, and hypotension In patients with impaired cardiac function. coadministration should 
be avoided 

The concomitant use of beta-adrenergic blocking agents with digitalis and calcium antagonists may have 
additive effects in prolonging atrioventricular conduction time 
Animal Studies: No adverse ocular effects were observed in rabbits and dogs administered TIMOPTIC topi- 
Cally in studies lasting one and two years respectively 
Carcinogenesis. Mutagenesis. Impairment of Fertility: \n a two-year Oral study of timolol maleate in rats. 
there was a Statistically significant (p~ 0 05) increase in the incidence of adrenal pheochromocytomas in 
male rats administered 300 times the maximum recommended human oral dose’ (1 mg kg day) Similar 
differences were not observed in rats administered oral doses equivalent to 25 or 100 times the maximum 
recommended human oral dose Ina lifetime oral study in mice. there were statistically significant (p- 0.05) 
increases in the incidence of benign and malignant pulmonary tumors and bemign uterine polyps in female 
mice at 500 mg kg day. but not at 5 or 50 mg kg day There was also a signsficant increase in mammary 
adenocarcinomas at the 500-mg kg day dose This was associated with elevations in serum prolactin which 
occurred in female mice administered timolol at 500 mg kg. but not at doses of 5 or 50 mg:kg/day An 
increased incidence of mammary adenocarcinomas in rodents has been associated with administration of 
several other therapeutic agents which elevate serum prolactin. but no correlation between serum prolactin 
levels and mammary tumors has been established inman Furthermore. in adult human female subjects who 
received oral dosages up to 60 mg timolol maleate. the maximum recommenced human oral dosage. there 
were no Clinically meaningful changes in serum prolactin 

There was a Statistically significant increase (p= 0 05) in the overall incidence of neoplasms in female mice 
at the 500-mg kg day dosage level 

Timolo! maleate was devoid of mutagenic potential when evaluated in vivo (mouse) in the micronucleus 
test and cytogenetic assay (doses up to 800 mg/kg) and in vitro in a neoplastic cell transformation assay (up 
to 100 pg/mL). In Ames tests. the highest concentrations of timolol employed. 5000 or 10.000 pgplate. 
were associated with statistically significant elevations (p~ 0.05) of revertants observed with tester strain 
TA100 (in seven replicate assays) but not in the remaining three strains In the assays with tester strain 
TA100, no consistent dose response relationship was observed. nor did the ratio of test to control revertants 
reach 2 A ratio of 2 is usually considered the criterion for a positive Ames test 

Reproduction and fertility studies in rats showed no adverse effect on male orfemale fertility at doses up to 
150 times the maximum recommended human oral dose 
Pregnancy Pregnancy Category C: Teratogenicity studies with timolol in mice and rabbits at doses up to 50 
mg kg day (50 times the maximum recommended human ora! dose) showed no evidence of fetal malforma- 
tions Although delayed fetal ossification was observed at this dose in rats. there were no adverse effects on 
postnatal development of offspring. Doses of 1000 mg/kg day (1.000 times the maximum recommended 
human oral dose) were maternotoxic in mice and resulted in an increased number of fetal resorptions 
Increased fetal resorptions were also seen in rabbits at doses of 100 times the maximum recommended 
human oral dose. in this case without apparent maternotoxicity. There are no adequate and well-controlled 
Studies in pregnant women. TIMOPTIC should be used during pregnancy only ifthe potential benefit justifies 
the potential risk to the fetus 
Nursing Mothers: Because of the potential tor serious adverse reactions trom timolol in nursing infants, a 
decision should be made whether to discontinue nursing or to discontinue the drug. takirg into account the 
importance of the drug to the mother 
Pediatric Use Safety and effectiveness in children have not been established by adequate and well-controlled 
Studies. 
ADVERSE REACTIONS: TIMOPTIC Ophthalmic Solution is usually well tolerated The following adverse reac- 
tions have been reported either in clinical trials of up to three years’ duration prior to release in 1978 or since 
the drug has been marketed 
BODY AS A WHOLE: Headache, asthenia, chest pain. CARDIOVASCULAR Bradycardia, arrhythmia. hypo- 
tension, syncope, heart block, cerebral vascular accident, cerebral ischemia. cardiac failure, palpitation. 
cardiac arrest. DIGESTIVE: Nausea. diarrhea. NERVOUS SYSTEM/PSYCHIATRIC: Dizziness. depression. 
increase in signs and symptoms of myasthenia gravis, paresthesia SKIN: Hypersensitivity, including loca- 
lized and generalized rash, urticaria. RESPIRATORY: Bronchospasm (predominantly in patients with preex- 
isting Dronchospastic disease), respiratory failure. dyspnea. nasal comgestion. ENDOCRINE: Masked 
symptoms of hypoglycemia in insulin-dependent diabetics (see WARNINGS). SPECIAL SENSES: Signs and 
symptoms of ocular irritation. including conjunctivitis, blepharitis. keratitis, blepharoptosis, decreased cor- 
neal sensitivity. visual disturbances, including refractive changes (due to withdrawal of miotic therapy in 
some Cases), diplopia, ptosis 

Causal Relationship Unknown. The following adverse effects have been reported, and a causal relationship 
to therapy with TIMOPTIC has not been established: Body as a Whole: Fatigue. Cardiovascular: Hyperten- 
sion, pulmonary edema, worsening of angina pectoris; Digestive: Dyspepsia, anorexia. dry mouth; Nervous 
System Psychiatric: Behavioral changes including confusion, hallucinations, anxiety. disorientation, ner- 
vousness. somnolence, and other psychic disturbances: Skin: Alopecia; Special Senses: Aphakic cystoid 
macular edema: Urogenital: Retroperitoneal fibrosis, impotence 

The following additional adverse effects have been reported in clinical experience with oral timolol maleate 
and may be considered potential effects of ophthalmic timolol maleate: Body as a Whole: Extremity pain, 
decreased exercise tolerance, weight loss; Cardiovascular: Edema, worsening ot arterial insufficiency, Rayn- 
aud s phenomenon, vasodilatation; Digestive: Gastrointestinal pain, hepatomegaly, vomiting; Hematologic: 
Nonthrombocytopenic purpura; Endocrine: Hyperglycemia, hypoglycemia: Skin: Pruritus, skin irritation, 
increased pigmentation, sweating, cold hands and feet; Musculoskeletal: Arthralgia. claudication: Nervous 
System Psychiatric: Vertigo. local weakness, decreased libido. nightmares, insomnia. diminished concen- 
tration. Respiratory. Rales, cough, bronchial obstruction; Special Senses Tinnitus. dry eyes: Urogenital: 
Urination difficulties 

Potential Adverse Effects: In addition, a variety of adverse effects have been reported with other beta- 
adrenergic blocking agents and may be considered potential effects of ophthalmic timolol maleate: Digestive: 
Mesenteric arterial thrombosis, ischemic colitis; Hematologic: Agranulocytosis, thrombocytopenic purpura; 
Nervous System: Reversible mental depression progressing to catatonia; an acute reversible syndrome char- 
acterized by disorientation for time and place, short-term memory loss, emotional lability, slightly clouded 
sensorium, and decreased performance on neuropsychometrics: Allergic. Erythematous rash, fever com- 
bined with aching and sore throat. laryngospasm with respiratory distress; Urogenital: Peyronie's disease 

There have been reports of a syndrome comprising psoriasiform skin rash, conjunctivitis sicca, otitis, and 
sclerosing serositis attributed to the beta-adrenergic receptor blocking agent practolol. This syndrome has 
not been reported with timolol maleate 
HOW SUPPLIED: TIMOPTIC Ophthalmic Solution, 0.25% and TIMOPTIC Ophthalmic Solution, 0.5%. Both 
are available in 2 5-mL. 5-mL, 10-mL. and 15-mL plastic OCUMETER* opnthaimic dispensers with a con- 
trolled drop tip Also Available: Preservative-free TIMOPTIC in OCUDOSE™* (Dispenser) Sterile Ophthalmic 
Unit-Dose Dispenser (see separate Prescribing Information) 
Storage: Protect from light. Store at room temperature 


‘The maximum recommended single oral dose is 30 mg of timolo! One drop ct TIMOPTIC 0 5% contains 
about 1/150 of this dose, which is about 0.2 mg 


MSD For more detailed information. consult your MSD 
MERCK. Representative and the Prescribing Information 
SHARP, Merck Sharp & Dohme. Division of Merck & Co . Inc 
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Mi roprocessor based 
= footswitch controls 
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Same footswitch 
control for Surg-E-Trol 
7. System | and |! 


Easier to use than the manual 
systems, less costly than the 
console systems. . .. 


For use during ECCE, 
Mentor’s mew Surg-E-Trol 
I/A/F Systems are innova- 
tive, highl~ efficient alter- 
natives to .erger I/A units. 
These sysems give the 
surgeon complete control 
of aspiration and reflux 
using a precise footswitch 
contro! pedal. They are 
the only systems that can 
instantly reflux tissue from 
the cannusa if needed. 
They are dso the cost 
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Separate peristaitic 
pump version has slim- 
mer lightweight handle 


Short 24” tubing 
reduces vacuum rush 
associated with large 
I/A units. 
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effective choice for outpatient surgery and indepen- 
dent surgi-centers because the entire system is less 
than $2,000 and disposables (below eft) are less 
than $15 each. Write or call for more information. 
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Portrait of Noncompliance 





“Drive all day. Drive into night. | measure my time 
in miles, notin hours. And the only schedule | keep 
is the one that gets me to the next loading dock.” 





For many of your glaucoma patients, daily activity is just 
a blur of days into nights. And normal routines—like tracking 
a medication schedule—somehow get lost in the haze. 
Now, you can help these noncompliant patients keep track 
of their medication a new way: by prescribing Betagan with 
C Cap. Allergan’s exclusive C Cap Compliance Cap provides 
your glaucoma patients with a visual dosing cue. That can 
encourage compliance by: 
- Tracking your patient’s next dose, and 
e Minimizing confusion for patients on multidose therapy 
or multiple medications. 
And, as ever, levobunolol provides: 
- IOP control with once-daily dosing in the majority of 
patients,!:2 and 
- Iwice-daily dosing with unsurpassed long-term control 
Specify Betagan with C Cap Q.D. or Betagan with C Cap 
B.I.D. Betagan is also available without C Cap. Please see 
adjacent page for brief summary of prescribing information. 


NEW C Cap” 


2 i Betagan” 
(levobunolol HCl) 0.5 % 


Liquifilm® sterile ophthalmic solution with 


( Cap” 
Compliance Cap 
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YOUR TURN TO BETAGAN’ WITH C CAP” 
IS A TURN TOWARD AIDING COMPLIANCE! 





Betagan?®(evobunolol HCl) 0.5% 
Liquifilm® sterile ophthalmic solution with 


C CAP" 


Compliance Cap Q.D. 


Betaganlevobunoio HCl) 0.5% 
Liquifilm® sterile ophthalmic solution with 


C CAP” 


Compliance Cap B.I.D. 


1. Wandel T. Charap A. Lewis RA et al, Glaucoma treatment with once-daily levobunolol. 
Am J. Ophthalmol 1986;101:298 

2. David R. Ober M. Foerster Ret al. The efficacy of once-daily beta-blockers for glaucoma treatment. 
Am J. Ophthalmol 1987;104:443 

3. Levobunolol Clinical Study Group. Levobunolol: A beta-adrenoceptor antagonist effective in the 
long-term treatment of glaucoma. Ophthalmology 1985;92:1271. 


Brief Summary of Prescribing Information 


INDICATIONS AND USAGE: BETAGAN Liquifilm sterile ophthalmic solution has 
been shown to be effective in lowering intraocular pressure and may be used 
in patients with chronic open-angle glaucoma or ocular hypertension. 
CONTRAINDICATIONS: BETAGAN is contraindicated in those individuals with 
bronchial asthma or with a history of bronchial asthma, or severe chronic 
obstructive pulmonary disease (see WARNINGS); sinus bradycardia; second 
and third degree atrioventricular block; overt cardiac failure (see WARNINGS); 
cardiogenic shock; or hypersensitivity to any component of this product. 
WARNINGS: As with other topically applied ophthalmic drugs, BETAGAN may 
be absorbed systemically. The same adverse reactions found with systemic 
administration of beta-adrenergic blocking agents may occur with topical 
administration. For example, severe respiratory reactions and cardiac reac- 
tions, including death due to bronchospasm in patients with asthma, and 
rarely death in association with cardiac failure, have been reported with topical 
application of beta-adrenergic blocking agents (see CONTRAINDICATIONS),. 
Cardiac Failure: Sympathetic stimulation may be essential for support of 
the circulation in individuals with diminished myocardial contractility, and 
its inhibition by beta-adrenergic receptor blockade may precipitate more 
severe failure. /n Patients Without a History of Cardiac Failure: Continued 
depression of the myocardium with beta-blocking agents over a period of 
time can, in some cases, lead to cardiac failure. At the first sign or symptom 
of cardiac failure, BETAGAN should be discontinued. Non-allergic Broncho- 
spasm: In patients with non-allergic bronchospasm or with a history of non- 
allergic bronchospasm (eg., chronic bronchitis, emphysema), BETAGAN 
should be administered with caution since it may block bronchodilation 
produced by endogenous and exogenous catecholamine stimulation of beta, 
receptors. Major Surgery: The necessity or desirability of withdrawal of beta- 
adrenergic blocking agents prior to major surgery is controversial. Beta- 
adrenergic receptor blockade impairs the ability of the heart to respond to 
beta-adrenergically mediated reflex stimuli. This may augment the risk of 
general anesthesia in surgical procedures. Some patients receiving beta- 
adrenergic receptor blocking agents have been subject to protracted severe 
hypotension during anesthesia. For these reasons, in patients undergoing 
elective surgery, gradual withdrawal of beta-adrenergic receptor blocking 
agents may be appropriate. If necessary during surgery, the effects of beta- 
adrenergic blocking agents may be reversed by sufficient doses of such 
agonists as isoproterenol, dopamine, dobutamine or levartereno! (see OVER- 
DOSAGE). Diabetes Mellitus: Beta-adrenergic blocking agents should be 
administered with caution in patients subject to spontaneous hypoglycemia 
or fo diabetic patients (especially those with labile diabetes) who are receiving 
insulin or oral hypoglycemic agents. Beta-adrenergic receptor blocking agents 
may mask the signs and symptoms of acute hypoglycemia. Thyrotoxicosis: 
Beta-adrenergic blocking agents may mask certain clinical signs (eg., 
fachycardia) of hyperthyroidism. Patients suspected of developing thyro- 
toxicosis should be managed carefully to avoid abrupt withdrawal of beta- 
adrenergic blocking agents which might precipitate a thyroid storm. Con- 
tains sodium metabisulfite, a sulfite that may cause allergic-type reactions 
including anaphylactic symptoms and life-threatening or less severe asth- 
matic episodes in certain susceptible people. The overall prevalence of sul- 
fite sensitivity in the general population is unknown and probably low. Sulfite 
sensitivity is seen more frequently in asthmatic than in nonasthmatic people. 
PRECAUTIONS: General: BETAGAN® (levobunolol HCl) 0.5% Liquifilm® sterile 
ophthalmic solution should be used with caution in patients with known hyper- 
sensitivity to other beta-adrenoceptor blocking agents. Use with caution in 
patients with known diminished pulmonary function. In patients with angle- 
closure glaucoma, the immediate objective of treatment is to reopen the 


angle. This requires constricting the pupil with a miotic. BETAGAN has little 
or no effect on the pupil. When BETAGAN is used to reduce elevated intraocular 
pressure in angle-closure glaucoma, it should be used with a miotic and 
not alone. Muscle Weakness: Beta-adrenergic blockade has been reported 
to potentiate muscle weakness consistent with certain myasthenic symptoms 
(eg. diplopia, ptosis and generalized weakness). Drug Interactions: BETAGAN 
should be used with caution in patients who are receiving a beta-adrenergic 
blocking agent orally, because of the potential for additive effects on sys- 
temic beta-blockade. Although BETAGAN used alone has little or no effect 
on pupil size, mydriasis resulting from concomitant therapy with BETAGAN 
and epinephrine may occur. Close observation of the patient is recommended 
when a beta-blocker is administered to patients receiving catecholamine- 
depleting drugs such as reserpine, because of possible additive effects and 
the production of hypotension and/or marked bradycardia, which may 
produce vertigo, syncope, or postural hypotension. Animal Studies: No adverse 
ocular effects were observed in rabbits administered BETAGAN topically in 
studies lasting one year in concentrations up to 10 times the human dose 
concentration. Carcinogenesis, mutagenesis, impairment of fertility: \n a life- 
time oral study in mice, there were statistically significant (p < 0.05) increases 
in the incidence of benign leiomyomas in female mice at 200 mg/kg/day 
(14,000 times the recommended human dose for glaucoma), but not at 12 
or 50 mg/ kg/day (850 and 3,500 times the human dose). In a two-year 
oral study of levobunolo! HCI in rats, there was a statistically significant (p 
< 0.05) increase in the incidence of benign hepatomas in male rats 
administered 12,800 times the recommended human dose for glaucoma. 
Similar differences were not observed in rats administered oral doses equiva- 
lent to 350 times to 2,000 times the recommended human dose for 
glaucoma. Levobunolol did not show evidence of mutagenic activity in a 
battery of microbiological and mammalian in vitro and in vivo assays. 
Reproduction and fertility studies in rats showed no adverse effect on male 
or female fertility at doses up to 1,800 times the recommended human dose 
for glaucoma. Pregnancy Category C: Fetotoxicity (as evidenced by a greater 
number of resorption sites) has been observed in rabbits when doses of 
levobunolol HCI equivalent to 200 and 700 times the recommended dose 
for the treatment of glaucoma were given. No fetotoxic effects have been 
observed in similar studies with rats at up to 1,800 times the human dose 
for glaucoma. Teratogenic studies with levobunolo! in rats at doses up to 
25 mg/kg/day (1,800 times the recommended human dose for glaucoma) 
showed no evidence of fetal malformations. There were no adverse effects 
on postnatal development of offspring. It appears when results from studies 
using rats and studies with other beta-adrenergic blockers are examined, 
that the rabbit may be a particularly sensitive species. There are no adequate 
and well-controlled studies in pregnant women. BETAGAN should be used 
during pregnancy only if the potential benefit justifies the potential risk to 
the fetus. Nursing Mothers: It is not known whether this drug is excreted in 
human milk. Systemic beta-blockers and topical timolol maleate are known 
to be excreted in human milk. Caution should be exercised when BETAGAN 
is administered to a nursing woman. Pediatric Use: Safety and effectiveness 
in children have not been established. ADVERSE REACTIONS: In clinical trials 
the use of BETAGAN has been associated with transient ocular burning and 
Stinging in about one in four patients, and with blepharoconjunctivitis in about 
one in 20 patients. Decreases in heart rate and blood pressure have been 
reported occasionally (see CONTRAINDICATIONS and WARNINGS). The fol- 
lowing adverse effects have been reported rarely with the use of BETAGAN: 
lridocyclitis, headache, transient ataxia, dizziness, lethargy, urticaria and pru- 
ritus. Decreased corneal sensitivity has been noted in a small number of 
patients. Although levobunolo! has minimal membrane-stabilizing activity, 
there remains a possibility of decreased corneal sensitivity after prolonged 
use. The following additional adverse reactions have been reported with 
ophthalmic use of beta, and beta, (non-selective) adrenergic receptor block- 
ing agents: BODY AS A WHOLE: Headache. CARDIOVASCULAR; Arrhythmia, 
syncope, heart block, cerebral vascular accident, cerebral ischemia, con- 
gestive heart failure, palpitation. DIGESTIVE: Nausea. PSYCHIATRIC: Depres- 
sion. SKIN: Hypersensitivity, including localized and generalized rash. 
RESPIRATORY: Bronchospasm (predominantly in patients with pre-existing 
bronchospastic disease), respiratory failure. ENDOCRINE: Masked symptoms 
of hypoglycemia in insulin-dependent diabetics (see WARNINGS). SPECIAL 
SENSES: Signs and symptoms of keratitis, blepharoptosis, visual disturbances 
including refractive changes (due to withdrawal of miotic therapy in some 
cases), diplopia, ptosis. Other reactions associated with the oral use of non- 
selective adrenergic receptor blocking agents should be considered poten- 
tial effects with ophthalmic use of these agents. 
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Sight-Saving Month Calls Attention to Eye Care 


CHICAGO—Glaucoma testing, preschool vision screen- 
ings, balleen launches, walk-a-thons, photo contests— 
these are just some of the techniques being used to 
promote eye care and safety nationwide during the month 
of May. 

Nationa! Sight-Saving Month was established in 1949 as 
an effort to increase public awareness of the importance of 
preserving sight. In recent years the focus has been on 
early detection of visual problems, particularly for the 
young and the elderly, and proper eye care and safety. The 
month-long campaign, spearheaded by the National Soci- 
ety to Prevent Blindness (NSPB), will feature public 
education efforts via newspapers, television and radio, and 
informatienal brochures. 

The project will receive additional impetus this year 
threugh its national sponsor, the International Television 
Association, which has donated hundreds of thousands of 
dollars” worth of video services to NSPB. Public service 
announcements, short subject videos on topics such as 
sports eye safety and eye safety in the workplace, and 
other materials will be made available, as will longer video 
promotions of the statewide services available through 
NSPB affiliates. 

Ophthalmolegists are also being asked to take part in 
this educational effort, through presentations to lecal 
community groups, by distributing publications on eye 
safety and care, by making themselves available as resi- 
dent experts for local news media, and by increasing 
patient awareness of the fundamentals of eye care. 

The NSPB has developed a fact sheet on blindness and 
prevention that contains some compelling, and oftimes 
alarming, statistics. Among them are the following: 

e An estimated 47000 persons become blind each year— 
about one person every 11 minutes. 

e Nearly 500 000 persons in the United States are legally 
blind (central visual acuity for distance of 20/200 or poorer 
in the better eye with correction, or a field of vision no 
greater than 20° in its widest diameter). 

e About 11.4 million people in the United States are 
visually impaired. Of these, 1.4 million have a severe vision 
impairment—they cannot read ordinary newsprint even 
with the aid of corrective lenses. 

e Approximately 6.4 million people develop eye disor- 
ders annually. Nearly 50% of these disorders are acute eye 
conditiens (inflammatory disease, infections); 33% are 
chronic conditions (cataract, glaucoma, retinopathy); and 
20% are eye injuries. 

e A total of 771000 eye operations are performed each 
year; 48% of these are for cataracts. 

Glaucoma continues to be the leading cause of blindness 
in the United States and is responsible for an estimated 
62000 eases ef blindness. Each year more than 5400 
persons lese their sight to glaucoma. Because an estimated 
2 million persens in the United States have the disease, a 
heavy emphasis is placed on the need for early diagnosis 
and prompt treatment. Glaucoma education and screening 
is a major community service of the NSPB, through its 
Glaucema Alert Program. More than 180000 persons were 
screened last year, and nearly 5000 were referred for 
medica! treatment. 

Early detection of visual problems among children is 
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emphasized as well. The NSPB program, which screened 
nearly 300000 preschool-age children last year, centers on 
community vision testing projects conducted by volunteers 
who have been trained by state affiliates. An estimated 12 
million children (one in every four) aged 6 to 17 years has a 
vision problem. 

Eye safety is another area of concern, particularly in 
regard to sports-related injuries and accidents in the work 
environment. Among 5- to 14-year-olds with sports-related 
eye problems, baseball injuries were most frequent (20.3% 
of all sports- and recreational-related eye injuries). In the 
15- to 24-year-old age range, basketball injuries accounted 
for 25%. But for those aged 25 to 64 years, racquet sports 
were responsible for almost 20%. For the latter group, the 
use of eyeguards is strongly recommended, and a number 
of racquet sports organizations and colleges now require 
that eye protectors be worn on the courts. 

In the work environment, proper eye protection is 
emphasized. The NSPB estimates that 3500 eye injuries 
occur in industry every working day of the year, and that 
90% of these could be prevented by proper protective 
eyewear. The cost of eye injuries and illness to American 
business every year is over $330 million. 

The NSPB is a nonprofit organization supported by 
contributions from the public, corporations and founda- 
tions, and other private sources. Founded in 1908, it is the 
oldest voluntary agency working to prevent blindness. 
Through its 27 affiliates and a volunteer work force of 
30000 persons throughout the United States and Puerto 
Rico, the society provides a broad program of industrial 
and community services, public and professional educa- 
tion, and medical research. The NSPB works in tandem 
with other health-related organizations, including the 
National Eye Institute, the American Academy of Oph- 
thalmology, the American Optometric Association, the 
Consumer Products Safety Commission, and the Occupa- 
tional Safety and Health Administration. 

The NSPB’s research program provides financial sup- 
port to investigators at numerous universities and medical 
centers. The society offers grants-in-aid to young research- 
ers as a means of stimulating further scientific inquiry and 
encouraging them to seek broader sources of research 
support. 

The society also produces a catalogue of publications, 
special programs, and films, available by writing to 
National Society to Prevent Blindness, 500 E Remington 
Rd, Schaumburg, IL 60173. 

Other ophthalmologic groups have initiated ongoing 
programs of public education and screening as well. The 
American Academy of Ophthalmology, working with oph- 
thalmologic societies in 50 states, introduced the National 
Eye Care Project in January 1986 as a means of offering 
medical care to the disadvantaged elderly at no out- 
of-pocket cost. Persons over the age of 65 years who are not 
currently under the care of an ophthalmologist can call a 
toll-free Helpline (1-800-222-EYES). They will be referred 
to local volunteer eye physicians for examination and 
possible treatment of sight-threatening disorders.' 

To date, calls to the Helpline have resulted in nearly 
140000 referrals. More than 7000 ophthalmologists nation- 
wide have volunteered their services for the project. 

MICHAEL SPRINGER 
1. Helpline offers aid to nation’s elderly. Arch Ophthalmol 
1987;105:326. 
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Book Reviews 


Edited by Daniel M. Albert, MD 


Manual of Common Ophthalmic Surgical Pro- 
cedures, edited by Charles D. Phelps and Hansjoerg 
E. Kolder, 189 pp, with illus, New York, Churchill 
Livingstone Inc, 1986, $39.50. 


As stated in the preface, this book is 
a collection, initiated by the late Dr 
Phelps, of surgical techniques fre- 
quently used in the Department of 
Ophthalmology at the University of 
Iowa, Iowa City. It is arranged into 27 
short chapters, each of which 
describes, in stepwise fashion and 
often accompanied by simple line 
drawings, a single approach to a sur- 
gical procedure. The description of the 
procedure is preceded by sections 
entitled “Goals and Principles” and 
“Preoperative Management.” Each 
chapter concludes with a short section 
on postoperative management. This is 
a multiauthored book that covers 
basic surgical and laser techniques of 
all subspecialty areas. Dr Kolder 
states that this book should be used as 
a “guide to develop appropriate, ini- 
tial steps for your own, individualized 
techniques” and as a “refresher when 
operating less frequently.” 


“... the coverage is sufficient to 
serve as a starting point or as a 
refresher...” 





I question whether yet another 
compendium of ophthalmic surgical 
procedures is necessary when several 
excellent volumes are already on the 
market. Also, can a small book of less 
than 200 pages adequately cover top- 
ics ranging from pterygium excision 
to pars plana vitrectomy? This book 
does not adequately discuss any of the 
topics so as to provide enough infor- 
mation for the novice to begin a proce- 
dure with no other source of guidance. 
However, the coverage is sufficient to 
serve as a starting point or as a 
refresher (as suggested in the pref- 
ace). Because only one approach to 
each procedure is given and because 
the discussion is in outline form and 
far from comprehensive, this manual 
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can cover most common ophthalmic 
procedures in a very limited space. 
This book is concise, inexpensive, and 
easily portable. 

Despite the fact that this is a mul- 
tiauthored book, almost all chapters 
are clearly written with easy-to-fol- 
low steps. The illustrations are well 
done. The chapters written by Dr 
Phelps (glaucoma procedures) are 
particularly lucid and filled with help- 
ful observations, as are the sections 
on various laser techniques. From the 
point of view of the resident-in-train- 
ing or the general practice ophthal- 
mologist, the major fault of this man- 
ual is that the most commonly per- 
formed procedures receive no more 
coverage than those procedures that 
are only rarely attempted. For exam- 
ple, the section on cataract extraction, 
which includes intracapsular, extra- 
capsular, and  phakoemulsification 
techniques, is shorter than the chap- 
ter on orbitotomy. 

Despite its limitations, this book 
admirably achieves the goals set forth 
in the preface and would be a useful 
addition to any ophthalmologist’s pro- 
fessional library. 

In summary, if you are a resident, a 
teacher of residents, or a practicing 
ophthalmologist who wants a quick 
reference source to refresh your mem- 
ory, then my advice is simple: buy this 
book. 

JAN A. KYLSTRA, MD 
Boston 


The Retina: An Approachable Part of the 
Brain, by John E. Dowling, 281 pp, with illus, 
Cambridge, Mass, Belknap Press of Harvard Univer- 
sity Press, 1987, $37.50. 


Retinology relates to several biolog- 
ic disciplines but mostly to that of the 
eye and brain. Morphologists view the 
retina as an extraordinary network of 
neurons and neuroglia that challenge 
each new method for cellular identifi- 
cation. Neurophysiologists approach 
the subject in terms of function, with 
a heavy dependence on electrophysical 
and biochemical resources. Clinicians 


and pathologists see the human retina 
as a target of numerous deviations 
that require correction. Dowling is a 
preeminent neurobiologist and mor- 
phologist with a rich background in 
electron microscopy, electrophysiolo- 
gy, and small-animal experimenta- 
tion. As a successor to Wald and an 
academic colleague of Kuffler, he 
presents an authoritative and thor- 
oughly readable text, well illustrated 
with graphs, explanatery diagrams, 
and electron micrographs. 


“...an excellent record of the 
dynamic state of retinology ...” 


Early cytologic studies, based for 
the most part on silver-impregnation 
techniques and more recently on 
intracellular dye injection, identified 
the relay of the photoreceptor-bipo- 
lar-ganglion cell chain with their 
interrelating neurons. Neuroglia were 
initially relegated to an ill-defined 
structural role. Electric recording of 
individual cells and groups of cells 
added new dimensions to the func- 
tional interpretations of the cellular 
hierarchy. Surprisingly, the photore- 
ceptors and some other retinal cells 
(horizontal and bipolar) were found to 
hyperpolarize in response to stimula- 
tion by light. In other words, they are 
excited in the dark and inhibited in 
the light. By way of explanation, 
Dowling suggests that “they [the 
photoreceptors] are poised at a volt- 
age likely to be on the steepest portion 
of the stimulus-release curve—ensur- 
ing maximal sensitivity.” The retina 
also shows characteristic reciprocity 
between center and surround re- 
sponses to focal stimulation and, in 
some retinas, a directional sensitivity 
reminiscent of Hubel and Wiesel’s 
observations in the brain of higher 
species. Finally, neureglia gained 
overdue respect through awareness of 
their electric responses; they serve as 
complementary participants in the 
photic response. 


Book Reviews 


Electron mic-oscopy has enabled 
investigators to document the array 
of synapses,altheugh their functional 
roles are still incompletely under- 
stood. Dowling suggests a classifica- 
tion of syrapses into conventional 
type, ribbor ty»e, gap-junction type 
(electric), aad tasal type (associated 
with cones). The latter may be unique 
to the retina. 

In the pa= quarter century, 
increasing emp_asis has been placed 
on chemical tramsmitters and modula- 
tors at the synaptic junctions. Some 
15 substances have been identified in 
the retina. ~lassic examples of excit- 
atory neurctramsmitters are L-gluta- 
mate in photoreceptors and perhaps 
bipolar cells ane acetylcholine in cho- 
linergic anzacnine cells. Examples of 
inhibitory substances are gamma- 
aminobutyric acid in horizontal cells 
and amacriae eells and glycine in oth- 
er amacrine cels. In contrast to these 
neurotransmitters, there are slower- 
acting neurzomodulators that change 
the chemmal (mostly enzymatic) 
miliew at tne neuronal junctions. Of 
these modwiate’s, dopamine and sero- 
tonin have been most conspicuous. 
Dowling’s fami @arity with the retinas 
of lower specic= (eg, mudpuppy, skate, 
catfish, ane freg) has enabled him, 
and other r=urephysiologists, to focus 
on tissue that i. accessible for experi- 
mentation. The retinas of these spe- 
cies often Fave fewer and larger cells 
that ean be identified relatively easi- 
ly. They also oTer unique variations. 
Thus, the skat retina is composed 
purely of reds, whereas other species 
may hawe retmas that are almost 
purely composed of cones (eg, the 
ground squirrel). Yet despite abun- 
dant studies oa many retinal types, 
Dowling e@neudes: “Clearly more 
infermatioa onthe synaptic input and 
receptor field properties of identified 
cells is needed provide insights into 
the functicna! diversity.” 

Dowlings text focuses, of course, on 
the visual system, but its scope envel- 
ops the entire«entral nervous system. 
The discovery hat amacrine process- 
es have both presynaptic and postsyn- 
aptic junctions that permit local and 
reciprocal arrangements suggests 
similar properties for axonless neu- 
rons in the brain. Moreover, short- 
axon neurens, which include horizon- 
tal and araacrine cells in the retina 
(serving fer the detection of motion, 
direction, anc orientation), corre- 


Arch Ophthaimo-—Vol 106, May 1988 


spond to cells with unidentified func- 
tions in the brain. Cajal noted a centu- 
ry ago that they are most numerous in 
human brains, suggesting that the 
relative abundance of short-axon cells 
may be an index of evolution (which 
Cajal nevertheless denied). Other per- 
tinent analogies are electric coupling, 
prominent in horizontal cells of the 
retina and serving for wide-field com- 
munication; comparable neurotrans- 
mitters and neuromodulators in the 
retina and brain; and reciprocal cen- 
ter-surround organization in the reti- 
na, accentuating visual functions (eg, 
contrast) and probably having analo- 
gous, but largely unexplored, func- 
tions in the brain. Both Dowling and 
Cajal wax eloquently on the potential 
comparability of the retina and the 
brain. The rest of us with less sub- 
stance can share their enthusiasm. 
In conclusion, Dowling has pre- 
pared an impressive review of his own 
investigations and of the many other 
investigators involved in retinal neu- 
robiology. The advantage of experi- 
mentation on retinas of small and 
somewhat primitive animals is obvi- 
ous. Fortunately, retinas in all verte- 
brate species are basically similar in 
their neuronal eircuitry, so the obser- 
vations are widely applicable. The ret- 
ina is an exciting area of research not 
only for those interested in vision but 
also for those involved in brain pro- 
cesses as well. Dowling’s text is an 
excellent record of the dynamic state 
of retinology at present and a spring- 
board for imvestigations of the 
future. 
Davip G. CoGan, MD 
Bethesda, Md 


Advances in Ophthalmic Plastic and Recon- 
structive Surgery, History and Tradition, vol 5, 
edited by Stephen L. Bosniak, 463 pp, with illus, 
Elmsford, NY, Pergamon Press Inc, 1986, $91. 


Ophthalmic plastic and reconstruc- 
tive surgery ranks among the newest 
and smallest of the ophthalmic sub- 
specialties. Therefore, readers may be 
amused to learn of an entire book 
devoted exclusively to the history and 
traditions of oculoplastic surgery. 
However, for the ophthalmologist 
who also considers himself or herself 
a scholar, historian, or oculoplastic 
surgeon, this book provides rare and 
unadulterated pleasure. 

This is a multiauthored text and the 
chapters offered are diverse. The 


reader gains insight into the antiquity 
of medical knowledge as exemplified 
by Sushruta’s fourth century BC illus- 
trations of forehead pedicle flaps, 
which are still used for nasal recon- 
struction. The evolution of repair and 
treatment techniques for ptosis, lacri- 
mal surgery, entrepion, ectropion, 
blepharoplasty, orbit, and reconstruc- 
tive surgery are traced in various 
chapters, as is the history of the 
development of oculoplastic surgery 
in North America, Australia, and 
Europe. The discussions concerning 
the history of lacrimal surgery and 
ptosis repair are comprehensive and 
well written. 


“Historical vignettes and quotes 
are plentiful and intriguing.” 


Historical vignettes and quotes are 
plentiful and intriguing. One may 
learn, for example, that removal of 
the eyelids was a form of punishment 
sometimes inflicted on hapless cru- 
saders. Celsus’ dictum that “if too 
much of the lid is absent, no cure can 
restore it,” was accepted for centuries. 
Also described is the tenth-century 
Baghdad blepharoplasty, whereby the 
excess skin is pinched tightly between 
two wooden sticks until, after ten 
days, the nutrient-deprived skin falls 
off. Cultural differences regarding 
blepharoplasty were reported by 
Suzanne Noel of Paris in 1926, who 
observed that “American men are 
anxious to encourage their wives to 
have such an operation ... such is not 
the case with the European male; as a 
result French women have the opera- 
tion and do not talk about it.” 

The most engaging chapters are 
those written by and about the early 
modern oculoplastic surgeons, many 
of whom developed their skills treat- 
ing the battlefield casualties of World 
War II. Due to the efforts of this early 
nucleus of ophthalmic surgeons, re- 
lated specialists, and the fellows they 
trained, oculoplastic surgery devel- 
oped into a full-fledged specialty. 
Byron C. Smith, Wendell L. Hughes, 
Crowell Beard, J. C. Mustarde, Frede- 
ric E. Mohs—indeed, no one could tell 
their stories with greater vibrancy 
than they themselves have done. 

JEMSHED A. KHAN, MD 
Kansas City, Kansas 
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News and Comment 


American Society of Ophthalmic Plas- 
tic and Reconstructive Surgery Names 
Officers.— At its recent annual meet- 
ing in Dallas, the American Society of 
Ophthalmic Plastic and Reconstruc- 
tive Surgery elected new officers. 

The officers for 1988 are as follows: 
president, Arthur J. Schaefer, MD; 
president-elect, Clinton D. McCord, 
Jr, MD; vice president, Richard L. 
Anderson, MD; executive secretary, 
William B. Stewart, MD; treasurer, 
John A. Burns, MD; secretary, Rich- 
ard K. Dortzbach, MD; program chair- 
man, Daniel L. McLachlan, MD, and 
assistant program chairman, Ralph E. 
Wesley, MD. 


New Department Chairman Named at 
Emory University, Atlanta.—Thomas M. 
Aaberg, MD, who was professor of 
ophthalmology at the Medical College 
of Wisconsin, Milwaukee, will become 
director of The Emory Eye Center, 
Atlanta, chairman and F. Phinizy Cal- 
houn, senior professor in the Depart- 
ment of Ophthalmology, and section 
head of ophthalmology in The Emory 
Clinic. 

Dr Aaberg is best known for his 
work in the surgical management of 
complicated diabetic retinopathy and 
surgical management of proliferative 
vitreoretinopathy. 

Dr Aaberg received his MD degree 
from Harvard Medical School, Cam- 
bridge, Mass. While an ophthalmology 
resident at Massachusetts Eye and 
Ear Infirmary, Boston, he also served 


Thomas M. Aaberg, MD 
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as a National Institutes of Health 
(Bethesda, Md) postdoctoral fellow 
and a teaching fellow at Harvard 
Medical School. 

Subsequently, he served with the 
US Public Health Service. During this 
time he also had a staff appointment 
at the University of Oklahoma Medi- 
cal School, Oklahoma City, and simul- 
taneously earned a master of science 
degree in preventive medicine. 

In 1968, he was a National Insti- 
tutes of Health special fellow in reti- 
nal diseases and retinal detachment 
Surgery at the Bascom Palmer Eye 
Institute, University of Miami (Fla) 
School of Medicine. The following 
year, he joined the Department of 
Ophthalmology at the Medical College 
of Wisconsin, where he ascended the 
ranks to become full professor in 
1976. 

Dr Aaberg is the auther of more 
than 100 scientific papers. He serves 
as associate editor of the American 
Journal of Ophthalmology and is a 
member of the American Ophthalmo- 
logical Society, Retina Society, Macu- 
la Society, Club Jules Gonin (the 
European retina society), and many 
other professional organizations. 


Professor Tripathi Elected to National 
Academy of Sciences, India.— Ramesh 
C. Tripathi, MD, PhD, professor of 
ophthalmology and visual science and 
in The College, The University of Chi- 
cago, and attending ophthalmologist 
at the University of Chicago Medical 
Center and at the Oak Forest (Ill) 
Hospital, was elected a life member of 
the National Academy of Sciences of 
India. This organization was founded 
in 1930 and is the most prestigious 
scientific organization in India. 


SURGIDEV Corp Suspends Sales.— 
SURGIDEV Corp, Goleta, Calif, 
announced on March 18, 1988, that it 
is voluntarily suspending all product 
sales pending a complete review of 
process documentation for previous 
production items. The company notes 
that this action is unrelated to any 
reported clinical event associated 
with the use of its products. The cor- 
poration requests that practitioners 
cooperate by withholding SURGIDEV 
lenses that have not yet been 
implanted, pending further direction. 
This action will allow for a complete 


documentation review. SURGIDEV 
Corp is cooperating fully with the 
Food and Drug Administration in this 
venture. For additional information, 
contact the customer service depart- 
ment of SURGIDEY Corp: 1 (800) 
235-5781 or 1 (800) 322-6976. 


Product Withdrawn From Market.— 
Blairex Laboratories, Evansville, Ind, 
has discontinued the sale of salt tablet 
kits and refills used in the heat disin- 
fection of soft contact lenses. 

The action comes after recent nega- 
tive publicity surrounding the misuse 
of salt tablets and its association with 
Acanthamoeba keratitis. 


Board of Regents Member Elected.— 
George W. Weinstein, MD, professor 
and Jane McDermott Shott chairman, 
Department of Ophthalmology, West 
Virginia University, Morgantown, 
was recently elected to the Board of 
Regents, an 18-member group of gen- 
eral surgeons and representatives 
from various surgical subspecialties 
that is under the auspices of the 
American College of Surgeons, Chica- 
go. The latter organization comprises 
approximately 50000 members, of 
which approximately 3200 are oph- 
thalmologists. Dr Weinstein’s ap- 
pointment on Oct 16, 1987, is for a 
three-year term renewable for a total 
of nine years. His immediate prede- 
cessor was Homer E. Smith, MD, from 
Salt Lake City. 


George W. Weinstein, MD 
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Lactoferrin Immunological Test System 


Use when Schirmer values are questionable. 


The first new approved method for clinical assessment of 
lacrimal glarc function. Simple and quick in-office procedure. 
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OCULAR IMMUNOLOGY 
FELLOWSHIP 


Karvaad Medical School and the Massa- 
ciusefts Eye and Ear Infirmary. 1 and 2 
year positions—1989. Research and clini- 
cal training in external and intraocular 
inflammatory diseases. Faculty: 3 senior 
staff Ocular Immunologists and a PhD 
immunologist. Over 5000 patient visits per 
vear. Salary: dependent upon background, 
experince, and fund availability. 


hor further information and application 
eontact: 


Dr. C. Stephen Foster 
Director, Immunology Service 
Mass. Eye and Ear Infirmary 
243 Charles Street 

Boston, MA. 021149 


OPHTHALMOLOGIST 


The Dartmouth-Hitchcock Medical Center 
in Hanover, New Hampshire, has two open- 
ings available for qualified ophthalmologists 
with the following credentials: 


Subspecialty: Cornea - Candidate should 
be a Board certified or Board eligible 
ophtaalmologist with subspecialty training 
inecarnea and external diseases. 


Subspecialty: Diseases and surgery of the 
vitreous and retina - Candidate should be 
a Board certified or Board eligible 
ophthalmologist with subspecialty training 
in diseases and surgery of the vitreous and 
retina. 

Responsibilities will involve both in- and out- 
patient ophthalmological care as well as a 
cemmitment to teaching and research. 
The individual will be a member of the 
Hitchcock Clinic and Dartmouth Medical 
Scheol faculty. This is an unusual opportu- 
nity tọ work in a superb professional and per- 
senal environment. 


Ptease include CV with initial reply to: 
Gault M. Farrell, M.D., Section of 
Ophthalmology. Dartmouth-Hitchcock 
Medical Center, Hanover, NH 03756. Tel. 
(603) 646-5123. 
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Pred Forte® 


(prednisolone acetate) 1.0% 
sterile ophthalmic suspension 
The Corticosteroid of Choice... Fer Over a Decade! 





DESCRIPTION 

Prednisolone acetate is a synthetic corticasteroid. It is a white 
crystalline substance with a melting point at about 235°C with 
some decomposition and an empirical formula af C,,H,,O,. It has 
a characteristic ultraviolet absorption maximum at 242 milli- 
microns in methanol. 


Contains: 

prednisolone acetate (microfine suspension) ......... 1.0% 
with: benzalkonium chloride. polysorbate 30, Boric acid, sodium 
citrate, sodium bisulfite. sodium chlorice, edetate disodium. 
hydroxypropyl methylcellulose and purified water. 


ACTIONS 

Prednisolone acetate is a glucocorticoid that. on the basis of 
weight, has 3 to 5 times the anti-inflammasory potency of hydro- 
cortisone. Glucocorticoids inhibit the edema. fibrin deposition, 
capillary dilatation and phagocytic migration øf the acute inflam- 
matory response as well as capillary proliseration, deposition of 
collagen and scar formation. 


INDICATIONS 
For steroid responsive inflammation of the palpebral and bulbar 
conjunctiva, cornea and anterior segment ef the globe. 


CONTRAINDICATIONS 

Acute untreated purulent ocular infections, acute superficial 
herpes simplex (dendritic keratitis), vaccinia. varicella and most 
other viral diseases of the cornea and conjunctiva. ocular tuber- 
culosis and fungal diseases of the eye. and sensitivity to any com- 
ponents of the formulation. 

WARNINGS 


l. In those diseases causing thinning of the cornea. perforation 
has been reported with the use of topicæ steroids. 


t2 


. Since PRED FORTE contains no antimecrobial. if infection is 
present appropriate measures must be taken to counteract the 
organisms involved. 


3. Acute purulent infections of the ey2 may be masked or 
enhanced by the use of topical steroids. 


4. Use of steroid medication in the presence of stromal herpes 
simplex requires caution and should be followed by frequent 
mandatory slit lamp microscopy. 

>. As fungal infections of the cornea have been reported coinci- 
dentally with long-term local steroid applications. fungal inva- 
sion may be suspected in any persistent corneal ulceration 
where a steroid has been used. or is in use. 

6. 


~~ 


Use of topical corticosteroids may caus= increased intraocular 
pressure in certain individuals. This may result in damage to the 
optic nerve with defects in the visual fields. It is advisable that 
the intraocular pressure be checked freeuently. 

. Use in Pregnancy—Safety of intensive or protracted use of 
topical steroids during pregnancy has wot been substantiated. 


PRECAUTIONS 
Posterior subcapsular cataract formation has been reported after 
heavy or protracted use of topical ophthalmic eorticosteroids. 


Patients with histories of herpes simpEx keratitis should be 
treated with caution. 


ADVERSE REACTIONS 

Increased intraocular pressure. with optic nerve damage. defects 
in the visual fields. Also posterior subcapsalar cataract formation. 
secondary ocular infections from fungi or viruses liberated from 
ocular tissues. and perforation of the globe when used in condi- 
tions where there is thinning of the cornea or sclera. Systemic side 
effects may occur with extensive use of steroids. 

DOSAGE AND ADMINISTRATION 

l to 2 drops instilled into the conjunctival sac two to four times 
daily. During the initial 24 to 48 hours the desage may be safely 
increased to 2 drops every hour. Care shouid be taken not to 
discontinue therapy prematurely. 


NOTE: keep this and all medications out Df the reach of children. 
HOW SUPPLIED 


As a sterile suspension in 1 mL. 5 mL. 19 mk and 15 mL plastic 
dropper bottles. On prescription only. 


AllgRCAN® 
Allergan Pharmaceuticals 


A Division of Allergan. Inc.. Irvine. CA 92513 
© 1986 Allergan. Inc. 
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Pred Forte 


(prednisolone acetate) 10% 
sterile ophthalmic suspension 


For severe ocular 
inflammation: 


The Corticosteroid of Choice... 


AlIERCAN® 
S For Over a Decade! 


Allergan Pharmaceuticals 
A Division of Allergan, Inc. Irvine, CA 92713 
©1986 Allergan, Inc. Please see adjacent page for complete prescribing intormation. 





Third Nerve Palsy and the Pupil 


Footmo-es to the Rule 


iE this issue, Lustbader and Miller’ describe a 
65-year-old hypertensive woman with an iso- 
lated, pupil-sparing third nerve palsy and complete 
paralysis of extraocular muscles that were caused by 
a basilar artery aneurysm. The case reached these 
pages because it violates The Rule of the Pupil 
in Third Nerve Palsy and forces a reexamination of 
how the rule applies to the treatment of such 
patients. 





See also p 583. 





The rule states that when aneurysms compress the 
oculomotor nerve, the iris sphincter will be impaired, 
leading to a dilated or sluggishly reactive pupil. A 
persuasive guideline, the rule was born in 1958 when 
Rucker? reported that 62 (97%) of 64 aneurysmal 
third nerve palsies did not spare the pupil. In the two 
cases in which the sphincter was unimpaired, Rucker 
said tha- “involvement of the extraocular muscles 
was slight” —an important point that has often been 
ignored. 

The rule has held up remarkably well. In 1964, 
Green e- al? reported sphincter impairment in 36 
(95% ) of 38 aneurysm cases, and in a 1966 series, 
Rucker* “ound sphincter impairment in 48 (96% ) of 
50 aneurysm cases. 

These large series and others*® contained another 
important fact. Between one third and one half of 
third nerve palsies in adults were apparently caused 
by microvascular infarction. These “microinfarc- 
tive” pasies were found mostly in diabetics and 
hypertersives’ but were also found in those with less 
definite vaseculopathic risk factors, such as hypercho- 
lesterolemia, a family history of vascular disease, 
advanced age, and smoking. These reversible infarc- 
tive palsies were distinguished by sparing of the 
pupil in 62% to 88%% of cases. Thus, the rule was 
expanded to say that an isolated third nerve palsy 
that spared the pupil was probably caused by infarct. 
Correct management would then be straightforward: 
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if the pupil is spared, presume there is an infarct and 
observe; if the pupil is involved, presume there is an 
aneurysm and perform an angiegram. 

When noninvasive imaging with computed tomog- 
raphy and magnetic resonance imaging became 
available, it was possible to insert another diagnostic 
step. However, while these methods have proved 
excellent in detecting tumors, they have been only 
about 50% sensitive to aneurysms. Angiography 
remains the gold standard, but at a risk of 0.6%° to 
5% of stroke in elderly vasculopathic individuals 
even in the most skilled centers. So, if the results of 
noninvasive imaging are negative, the question fac- 
ing the physician remains whether to subject the 
patient to the risks of angiography to rule out an 
aneurysm. How helpful is the rule in guiding that 
decision? It is very helpful, provided the following 
four constraints are carefully heeded: 

1. Apply the rule with great caution to patients 
between the ages of 20 and 50 years unless they have 
glaring vasculopathic risk factars. Because patients 
in this age group are unlikely to have occult vascu- 
lopathy, a diagnosis of infarction must be made by 
exclusion. Even if the pupil is spared, the chance of 
an aneurysm becomes unacceptably high. Below age 
20 years, aneurysms are so rare that clinicians can 
afford to avoid angiography if there are no clinical 
signs of subarachnoid hemorrhage and noninvasive 
imaging is negative. 

2. Do not apply the rule when the extraocular 
palsy is incomplete. If some but not all of the 
oculomotor-innervated muscles are completely 
impaired or if all of the muscies are impaired but 
only slightly, then pupil sparing may exist with 
aneurysm. Rucker‘ made this point in 1966, and in 
1983, Kissel et al” found that seven (14%) of 51 
carotid aneurysms initially presented with pupil 
sparing and incomplete extraecular muscle palsy. 
Involvement of the pupil in that series developed 
within five days in four of the seven patients, so 
short-term frequent observation is useful. 

In compressing the third cranial nerve, aneurysms 
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may spare the inferior division that carries innerva- 
tion to the inferior and medial rectus muscles and 
inferior oblique muscle as well as to the pupil 
sphincter." This is a common phenomenon among 
intracavernous aneurysms, but the same findings 
may occur with precavernous aneurysms, especially 
those originating at the basilar apex. In fact, as 
vertebral angiography has become safer, basilar 
apex aneurysms have been increasingly identified as 
causes of partial third nerve palsies that may spare 
the pupil.” Unlike aneurysms of the common carot- 
id-posterior communicating artery junction, where 
mydriasis is likely because the aneurysm extends 
inferolaterally to compress the dorsomedially lo- 
cated pupillary fibers,” basilar apex aneurysms 
probably indent the third nerve from below, so that 
pupillary fibers escape damage, as they evidently did 
in the case presented by Lustbader and Miller.’ 

3. The rule should be applied with caution to 
patients who have complete oculomotor-innervated 
extraocular muscle palsy but only partial iris sphine- 
ter palsy (relative pupil sparing). In other words, 
patients with relative pupil sparing cannot comfort- 
ably be lumped with those who have absolute pupil 
sparing, since the literature provides no guidelines 
as to how often relative pupil sparing occurs with 
aneurysm. 

4. The rule should not be applied unless the third 
cranial nerve palsy is “isolated,” that is, when there 
are no findings from history or physical examination 
that lead the physician to suspect a noninfarctive 
cause. For example, a patient with a history of 
known carcinoma, constitutional symptoms such as 
fever or weight loss, or an accompanying sixth nerve 
palsy or hemiparesis would be excluded. This con- 
straint acknowledges that infarcts and aneurysms 
are not the only causes of third nerve palsies. 
Neoplasms and inflammatory diseases become par- 
ticularly prominent when the third nerve palsy is not 
isolated. Among neoplastic and inflammatory cases, 
20%* to 42%* may be pupil sparing. 

Even with the addition of these four footnotes to 
the rule, some aneurysmal third nerve palsies will be 
overlooked, at least initially. This is inevitable to 
avoid excessive angiography of microinfarctive pal- 
sies. Assuming that 40% of all isolated third nerve 
palsies are caused by microinfarctions and that, of 
these, 75% will have pupil sparing and also assuming 
that 20% of palsies are caused by aneurysms and 
that, of these, 4% will have pupil sparing, the odds 
are approximately 40 to 1 that a patient with the 
clinical features presented by Lustbader and Miller! 
will have infarction as the cause. In fact, prior to this 
report, there had never been a well-documented case 
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of aneurysmal third nerve palsy and complete 
extraocular muscle paralysis. The correct manage- 
ment of such cases remains control of risk factors 
and observation without neuroimaging. If, after two 
to three months, signs have not begun to regress, the 
patient has deviated from the natural history of 
infarctive third nerve palsy. At that point, angiogra- 
phy is indicated to rule out an aneurysm even if the 
computed tomogram or magnetic resonance imaging 
scan does not reveal a lesion. 
The rule lives, but mind the footnotes. 
JONATHAN D. TROBE, MD 
Ann Arbor, Mich 


Reprint requests to W. K. Kellogg Eye Center, University of 
Michigan Department of Ophthalmology, 1000 Wall St, Ann 
Arbor, MI 48105-1994 (Dr Trobe). 
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Special Article 


Extracellular Modulating Factors and the 
Control of Intraocular Neovascularization 


An Overview 


Pep rectepecation plays an important role in the 
pathogenesis of a number of ophthalmic disor- 
ders, including proliferative diabetic retinopathy 
and age-related macular degeneration.’ Clinical 
studies have demonstrated that disruption (usually 
induced by laser) and subsequent repair of the outer 
retina and choroid can alter the course of both 
preretinal amd subretinal neovascularization in 
many cases. Traditionally, investigators have con- 
ceptualized these events in physical terms— ischemic 
retina is “obliterated” or subretinal vessels are 
“coagulated.” Other investigators have hypothesized 
that a specific “growth factor” or “angiogenic fac- 
tor” is responsible for the development of new blood 
vessels and that laser treatment has its effect by 
destroying cells that produce this factor. 

Newer evidence strongly suggests that new blood 
vessel fermation occurs in response to a change in 
the relative balance among a group of “extracellular 
modulating factors” (EMFs) that are secreted by 
cells within the retina and adjacent tissue. These 
extracellular modulating factors control the status 
of the vasculature and associated tissues. It is unlike- 
ly that amy of these factors alone is a specific 
stimulator or inhibitor of neovascularization. Laser 
treatment may have its effect via subsequent altera- 
tions in the production of these cell-derived factors 
that occur during the healing process and within the 
resultmg scar. 


ANGIOGENIC GROWTH FACTORS 


Over the years, numerous investigators have spec- 
ulated on the role of chemical mediators in the 
formation and growth of new blood vessels. In 1893, 
Loek? suggested that biochemical mediators might 
explain the growth of new blood vessels observed in 
fish embryos whose heartbeat was eliminated. In 
1948, Michaelson? proposed that a biochemical “fac- 
tor” might be responsible for controlling the growth 
and development of the retinal vasculature. 

The existence of a retina-derived factor capable of 


stimulating neovascularization was recently con- 
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firmed using in vivo assays of new blood vessel 
formation initially designed to study tumor vascu- 
larization.’ Since the in vivo assays of neovasculari- 
zation are difficult to interpret ane are relatively 
insensitive, a number of in vitro assays were utilized 
to measure the effects of biochemical factors on the 
specific steps involved in new blood vessel formation. 
It is important to realize that none of the in vitro 
assays so far described are equivalent to the entire 
set of carefully orchestrated events that are neces- 
sary for the formation and growth of a new vessel 
sprout. With this shortcoming in mind, a number of 
investigators have been working to purify substances 
from a variety of sources capable of stimulating one 
step in the process of neovascularization: vascular 
endothelial cell growth. 

Among the numerous vascular endothelial cell 
growth factors investigated so far, one group has 
recently attracted considerable attention. This group 
of growth factors binds strongly to heparin, and 
their purification is facilitated by heparin affinity 
chromatography.*” These heparin-binding growth 
factors are often divided into two subgroups of 
similar molecules whose prototypes are acidic and 
basic fibroblast growth factors. They have been 
isolated from a great variety of tissues, including 
retina.*2 So far, little is known about the role of 
these growth factors in health and disease. Further- 
more, as will be discussed in more detail later, the 
heparin-binding growth factors are probably just 
one subset of a varied array of extracellular modula- 
ting factors that control neovascularization. 

The heparin-binding growth facters are found in 
most tissues, including the retina, pituitary gland, 
hypothalamus, brain, cartilage, bone, corpus luteum, 
adrenal gland, kidney, placenta, macrophages, chon- 
drosarcoma, hepatoma cells, and vascular endotheli- 
al cells. Analysis of complementary DNA libraries 
generated from cells producing heparin-binding 
growth factors shows the absence of a signal peptide 
traditionally associated with the secretion of pro- 
teins by the cell. In vitro studies of cells capable of 
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producing heparin-binding growth factors also sug- 
gest that these factors are not generally secreted 
into the surrounding media." These findings suggest 
that the heparin-binding growth factors may nor- 
mally have an intracellular function, perhaps one 
even unrelated to cell growth, but are released into 
the extracellular environment after cell damage and 
thereby participate in the repair process. These 
factors may indeed serve as humoral indicators of 
cell damage. It is noteworthy that these growth 
factors are also found within the vascular endotheli- 
um itself and may therefore function in an autocrine 
fashion. Once released, the heparin-binding factors 
seem to be capable of interacting both with specific 
cellular receptors and with specific components of 
the extracellular matrix. 

Although a great deal of attention has been 
focused on the ability of the heparin-binding growth 
factors to stimulate vascular endothelial cells to 
proliferate, the endothelial cell is only one of many 
target cells. It is not yet clear whether the endothe- 
lial cell is even the most important target cell. 
Receptors for heparin-binding growth factors have 
been found on capillary and aortic endothelial cells, 
3T3 fibroblasts, bovine lens epithelium, myoblasts, 
and embryonic chick ciliary ganglion cells.” In 
addition to their growth-promoting effects, the hep- 
arin-binding growth factors also promote the surviv- 
al of ganglion cells and neurite outgrowth in cul- 
ture.*' So far, no differences have been found 
between the effects of acidic and basic fibroblast 
growth factors, although differences in potency do 
exist. 

In addition to the multitude of cell types that 
harbor receptors for the heparin-binding growth 
factors, extracellular matrix components can strong- 
ly bind these growth factors as well.” Specifically, 
heparin sulfates within basement membranes seem 
to bind these growth factors.” Basement membranes 
may serve as a reservoir to dampen the immediate 
effect of the release of heparin-binding growth fac- 
tors from their intracellular location. The growth 
factors stored bound to the basement membrane may 
be localized to promote cell growth along that mem- 
brane in a manner that one might imagine to be 
required during recanalization of occluded blood 
vessels or reepithelialization of the corneal surface. 
Furthermore, the lens capsule, which is the base- 
ment membrane formed by the lens epithelium, may 
serve as a sponge for heparin-binding growth factors 
coming from the retina and may absorb these factors 
before they can reach the iris. The accumulation of 
these growth factors within the lens capsule may 
account for the development of retrolenticular neo- 
vascularization in many phakic patients with severe 
proliferative diabetic retinopathy. Heparin may also 
modulate the effects of these growth factors in vivo. 

Although up to this point the heparin-binding 
growth factors have been the most intensively stud- 
ied of the extracellular modulators that stimulate 
vascular endothelial cell proliferation, there are 
many other factors that seem significant and war- 
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rant further study. Included among these factors are 
transforming growth factor alpha and epidermal 
growth factor.” These two factors are closely related 
and under appropriate conditions can cause vascular 
endothelial cell proliferation and neovascu- 
larization on the chick chorioallantoic membrane. 
The list of growth factors for vascular endothelial 
cells will no doubt continue to expand over the next 
several years. 


GROWTH FACTORS WITH ACTIONS 


A recently discovered substance, termed trans- 
forming growth factor, type beta, has been found to 
both stimulate and inhibit cell growth in a variety of 
systems.” Whether stimulation or inhibition occurs 
depends on the presence of other factors. Transform- 
ing growth factor, type beta, received its name 
because it was initially found to stimulate the 
growth of fibroblasts in soft agar, where they nor- 
mally cannot grow. The ability of cells to grow in soft 
agar is termed anchorage-independent cell growth 
and is generally a property of transformed cells. 
However, the term transforming growth factor is 
probably a misnomer, since this factor does not truly 
transform cells and it can act as a growth inhibitor 
as well as a growth stimulator. A good example of 
the bifunctional nature of transforming growth fac- 
tor, type beta, is its effects on 3T3 fibroblasts. In 
these cells, this growth factor inhibits anchorage- 
independent growth in the presence of epidermal 
growth factor but stimulates cell growth in the 
presence of platelet-derived growth factor.” 

Evidence is mounting to suggest that transform- 
ing growth factor, type beta, may have a bifunctional 
role in regulating neovascularization. This factor is a 
potent inhibitor of fibroblast growth factor-induced 
vascular endothelial cell proliferation.“ However, 
when injected into the nape of the neck of newborn 
mice, it induces neovascularization.% Why an inhibi- 
tor of vascular endothelial cell proliferation causes 
neovascularization in vivo is not yet known, but it 
reaffirms the importance of remembering that vas- 
cular endothelial cell proliferation is only one of 
many steps in the process of new blood vessel 
formation. Some light may be shed on the role of 
transforming growth factor, type beta, in neovascu- 
larization by the recent finding that transforming 
growth factor, type beta, is a chemoattractant for 
macrophages, which then may secondarily induce a 
neovascular response similar to that associated with 
inflammation.” The multiplicity of effects caused by 
transforming growth factor, type beta, in association 
with helper cells and cofactors suggests that the 
effects of any given factor are not intrinsic to the 
peptide itself but depend on the entire set of extra- 
cellular modulating factors operating on the target 
cell. 


PANRETINAL PHOTOCOAGULATION MAY SHIFT THE 
BALANCE OF EXTRACELLULAR MODULATING FACTORS 


Neovascularization associated with diabetic reti- 
nopathy is prevented in many eyes after therapeutic 
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photocoagulation has induced chorioretinal scar- 
ring.” All of the factors responsible for this phenom- 
enon are not yet known. Based on the above 
observatien, it has been postulated that cells within 
chorioretma! scars release one or more inhibitors of 
neovascuBrization.” Among the cells within chorio- 
retinal sears are fibroblasts, astrocytes, and retinal 
pigment epithelial cells. It has been discovered that 
retinal pegment epithelial cells can release sub- 
stamees capable of inhibiting neovascularization on 
the chick embryonic yolk sac.” In addition, retinal 
pigment epithelial cells release an inhibitor of vascu- 
lar endotaelial cell proliferation in vitro.” 

In addi.ion to the release of potential inhibitors of 
neovasculrization from panretinal photocoagula- 
tion scars, laser treatment may reduce intraocular 
levels of stimulators of neovascularization, such as 
heparin-linding growth factors. Further studies 
addressing these specific questions are needed. 


RETINAL PIGMENT EPITHELIAL CELLS RELEASE 
STIMULATORS AND INHIBITORS OF ENDOTHELIAL CELL 
PROLIFERATION 


Experimental studies outlined in the previous sec- 
tion have shown that human retinal pigment epithe- 
lial cells ~elease one or more diffusible inhibitors of 
endothelial cell proliferation. Other investigations 
have demonstrated stimulation of endothelial cell 
proliferation by retinal pigment epithelial cells.**! A 
correspording clinical duality has also been ob- 
served. On one hand, the inhibiting effect of photoco- 
aguiation on neovascularization in proliferative dia- 
betic retinopathy suggests that cells, possibly retinal 
pigment epithelial cells, within the resultant chori- 
oretinal scar release diffusible inhibitors of neovas- 
cularizatmn” On the other hand, studies of iodate- 
induced experimental alteration of retinal pigment 
epithelial cell morphologic characteristics show an 
asseciated atrophy of the choriocapillaris; this sug- 
gests tha survival of the choriocapillaris is depen- 
dent on normal morphologic characteristics of the 
retinal pizment epithelial cells. One possible expla- 
nation far these observations rests in the recent 
finding that human retinal pigment epithelial cells 
in culture simultaneously release an inhibitor(s) and 
a stimulator(s) of endothelial cell proliferation.” 


RETIPAL PIGMENT EPITHELIAL CELL-DERIVED 
PROTEASE INHIBITOR 


A\thouzh a great number of factors that modulate 
vascular endethelial cell proliferation have been 
described. neovascularization does not begin with 
endothelial cell proliferation but with the invasion of 
surround ng tissue by vascular sprouts via protease- 
mediated degradation of the adjacent extracellular 
matrix. It has been demonstrated that the endotheli- 
al eells cf the choriocapillaris can invade Bruch’s 
membrare without the necessity of a preexisting 
break.* The protease urokinase plays a central role 
in extracellular matrix degradation and cell inva- 
sion. Increasing evidence suggests that retinal pig- 
ment epithelial cells may play a multifaceted role in 
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the regulation of intraocular neovascularization. A 
specific urokinase inhibitor from media conditioned 
by retinal pigment epithelial cells has recently been 
purified and characterized." Traditionally, Bruch’s 
membrane has been thought to be a physical barrier 
to neovascular invasion. The central role of uroki- 
nase in cellular invasion suggests that a urokinase 
inhibitor may play a role in the barrier function of 
Bruch’s membrane. Interestingly, animal studies of 
the status of Bruch’s membrane after disruption of 
the retinal pigment epithelium with low-intensity 
laser have shown that Bruch’s membrane is invaded 
by choriocapillary endothelial cells during the period 
immediately following retinal pigment epithelial cell 
loss.” However, the choriocapillary invasion of 
Bruch’s membrane ceased following reproliferation 
and migration of surviving retinal pigment epithelial 
cells to cover the defect.” Immunoassay techniques 
utilizing antibodies raised against the retinal pig- 
ment epithelial cell-derived urokinase inhibitor 
demonstrate that this inhibitor is found in the 
retinal pigment epithelial layer and Bruch’s mem- 
brane of normal human eyes.” This urokinase inhib- 
itor may play an important role in the regulation of 
subretinal pigment epithelial cell neovasculariza- 
tion. 

An interplay between the retinal pigment epitheli- 
um and the choriocapillaris has also been observed 
after more intense retinal photocoagulation. It has 
been found that the initial respense to a high- 
intensity laser lesion is the influx of macrophages.” 
The next stage involves a neovascular response from 
the underlying choriocapillaris.“ Over the subse- 
quent days and weeks, retinal pigment epithelial 
cells migrate from the edge of the weund to surround 
the new blood vessels.*! Once the new blood vessels 
are surrounded by retinal pigment epithelial cells, 
neovascularization and leakage stop.” In addition to 
the effects of retinal pigment epithelial cells on 
vascular endothelial cells outlined so far, vascular 
endothelial cells are capable of modulating retinal 
pigment epithelial cell behavior. As.described above, 
the observation that retinal pigment epithelial cells 
migrate into the area of subretinal neovasculariza- 
tion and surround the new blood vessels suggests 
that endothelial cells can release substances that 
attract retinal pigment epithelial cells. Indeed, 
recent studies have demonstrated that endothelial 
cells in culture can release an attractant for retinal 
pigment epithelial cells.” 


PROCOAGULANT ACTIVITY OF ENDOTHELIAL CELLS 
AND REGRESSION OF NEOVASCULARIZATION 


The vascular endothelium continuously interacts 
with coagulation factors in plasma. Traditionally, 
endothelium has been thought te function as a 
passive, nonthrombogenic barrier to prevent expo- 
sure of coagulation factors to extravascular tissues. 
Recent studies have shown that endethelial cells play 
a more active role in hemostasis and can induce a 
cell-dependent coagulation cascade on their luminal 
surface. One of the earliest events to occur during the 
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Different combinations may occur in different disease states. 
Therefore, rather than classifying these substances as growth 
factors, it may be more correct to call them extracellular 
modulating factors (EMFs). It is likely that the balance of these 
factors and the resultant combination varies between health and 
disease and in response to therapeutic intervention, such as 
laser treatment. 


regression of new blood vessels is their occlusion by 
intraluminal fibrin clot formation.“ Therefore, 
investigators have asked whether a known inducer of 
new blood vessel regression, human retinal pigment 
epithelial cell-conditioned medium, stimulates pro- 
coagulant activity of human retinal microvessel 
endothelial cells and fetal bovine aortic endothelial 
cells in vitro.” 

As expected, human plasma exposed to cultured 
confluent human microvessel endothelial cells 
showed little tendency to clot (clotting time, six to 
seven minutes). However, incubation of human 
microvessel endothelial cells with human retinal 
pigment epithelial cell-conditioned medium for 16 
hours followed by extensive washing of the human 
microvessel endothelial cell monolayer resulted in 
enhanced endothelial procoagulant activity and a 
shorter clotting time (one to two minutes). Human 
retinal pigment epithelial cell-conditioned medium 
stimulated subconfluent endothelial cells to express 
three to four times more procoagulant activity than 
did confluent endothelial cells. 

The ability of retinal pigment epithelial cells to 
release a diffusible substance capable of inducing 
procoagulant activity on the endothelial surface sug- 
gests a method by which cell-cell interactions may 
further function to control neovascularization. 


606 Arch Ophthalmol—Vol 106, May 1988 


OTHER CELLS MODULATING NEOVASCULARIZATION 


Existing data suggest that inflammatory cells, 
specifically macrophages, stimulate neovasculariza- 
tion. Mast cells have also been associated with 
neovascularization in certain tumors; a major secre- 
tory product of mast cells, heparin, is involved in 
both the stimulation and inhibition of new blood 
vessel formation, depending on the presence of vari- 
ous cofactors. Also, recent evidence suggests that 
pericytes can suppress endothelial cell growth and 
that this interaction seems to require direct contact 
between endothelial cells and pericytes.” 


UNLOCKING THE MYSTERIES OF 
NEOVASCULARIZATION 


The conceptual framework on which we hang our 
observations regarding the pathogenesis and treat- 
ment of intraocular neovascularization is in need of 
major revision in light of recent findings. This 
should not be surprising, since it is the time-tested 
method by which we expand our understanding of 
complex phenomena. The process of neovasculariza- 
tion is noteworthy in its complexity; it requires the 
successful orchestration of a host of cellular and 
extracellular events. The concept that has been gen- 
erally espoused to date has been that one or possibly 
several specific “angiogenic” factors cause neovascu- 
larization. As a corollary to this, there should be one 
or possibly a few specific inhibitors of neovasculari- 
zation or “antiangiogenic” factors. The constantly 
increasing number of factors that can modulate 
events involved in neovascularization and the ability 
of some and possibly all of these factors to have 
different effects, depending on the presence or 
absence of cofactors, requires revision of this 
hypothesis. It is reasonable to consider that each 
factor by itself is probably relatively meaningless, 
just like an individual number in a combination used 
to open a lock. However, several factors occurring in 
a specific combination can unlock neovascularization 
(Figure). Different combinations may occur in dif- 
ferent disease states. Therefore, rather than classi- 
fying these substances as growth factors, it may be 
more correct to call them extracellular modulating 
factors. It is likely that the balance of these factors 
and the resultant combination varies between health 
and disease states and in response to therapeutic 
intervention, such as laser treatment. 

BERT M. GLASER, MD 


Baltimore 
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Extracapsular Cataract Extraction Using a 


Temporal Limbal Approach After Filtering Operations 


Sobhi R. Antonios, MD; Carlo E. Traverso, MD; Karim F. Tomey, MD 


@ We reviewed the charts of 29 
patients who underwent extracapsular 
cataract extraction after filtering surgery. 
Seven of these patients also had simulta- 
neous implantation of a posterior cham- 
ber intraocular lens. All eyes were oper- 
ated on using a temporal limbal approach. 
The median postoperative follow-up was 
13 months. There was no statistically 
significant difference between the preop- 
erative and postoperative intraocular 
pressures, but there tended to be an 
increase in the number of antiglaucoma 
medications administered postoperative- 
ly. None of these patients, however, 
required further surgery for intraocular 
pressure control. 

(Arch Ophthalmol 1988; 106:608-6 10) 


[ ntraccular surgical procedures in 
general and filtering operations in 
particular are known to predispose to 
cataract formation or to accelerate 
preexisting lens opacification.'? When 
cataract extraction becomes neces- 
sary in eyes with filtering blebs, one 
major concern is the possible failure 
of filtration as a result of the surgical 
trauma, postoperative inflammation, 
or both. In this retrospective study, 
we analyzed the results of extracapsu- 
lar cataract extraction (with and 
without posterior chamber intraocu- 
lar lens implantation) in a group of 
patients with glaucoma who had pre- 
viously undergone filtering surgery. 


PATIENTS AND METHODS 


We reviewed the records of 37 consecu- 
tive patients who underwent extracapsular 
cataract extraction using a temporal lim- 
bal approach at least one year after fil- 
tering surgery. The cataract operations 
were performed by one of us or by one of 
our colleagues. Some of these patients had 
had their glaucoma operations before pre- 
senting to our hospital. Only 29 of the 37 
cases that had a minimum follow-up peri- 
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od of seven months after cataract extrac- 
tion were selected for this study and ana- 
lyzed. The following parameters were eval- 
uated: intraocular pressure before and 
after surgery, variations in the number of 
antiglaucoma medications necessary for 
intraocular pressure control, changes in 
visual acuity, and complications. Where 
appropriate, results were analyzed using 
Student’s ¢ test, x’, and linear regression. 


RESULTS 


Only 29 patients who had a postop- 
erative follow-up period of at least 
seven months were analyzed. The fol- 
low-up period ranged between seven 
and 36 months, with a median of 13 
months (Fig 1). The age range was 40 
to 75 years, with a median of 60 years. 
The interval between the filtering 
procedure and cataract extraction was 
at least one year. All cataract extrac- 
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tions were extracapsular; seven had 
simultaneous posterior chamber in- 
traocular lens implantation. The cata- 
ract incision was made along the tem- 
poral or inferotemporal limbus in all 
of the cases, carefully avoiding the 


50 


25 


Percentage 


7-12 13-18 19-24 25-30 31-36 
Months 


Fig 1.—Distribution of patients according to 
length of follow-up. 
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Fig 2.—Linear regression analysis of preoperative and postoperative intraocular pressure (IOP). 
Solid line represents perfect correlation; dotted line shows linear regression as determined for 


cases studied. 
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Percentage 


IOP, mm Hg 


Fig 3.—Distribution of patients (n = 29) 
according to intraocular pressure (IOP) cate- 
gory Dreoperatively (open columns) and post- 
operatively (shaded columns) (x? = 0.9, 
P> 5). 


filtration area. Intraoperatively, two 
(7%) of the patients had vitreous 
loss. 

The mean (+SD) preoperative 
intraocular pressure was 13.8 + 5.3 
mm Hg, and the mean (+SD) postop- 
erative pressure was 15.3 + 4.5 mm 
Hg (Fig 2). Patients were grouped into 
one of the following three intraocular 
pressure categories: 10 mm Hg or less, 
between 11 and 20 mm Hg, and 21 mm 
Hg or higher. There was no statisti- 
cally signifieant difference between 
the preoperative and postoperative 
intraocular pressures within any of 
the three categories (Fig 3). Preopera- 
tively, 22 (716%) of the patients 
required no antiglaucoma medica- 
tions for intraecular pressure control, 
five (17%) needed one type of eye 
drops, and two (7% ) needed more than 
one medication. Postoperatively, 18 
patients (62%) required no medica- 
tions, four (14% ) received one type of 
eye drops, amd seven (24%) required 
two types of antiglaucoma medica- 
tions (Fig 4). Overall, 20 (69% ) of the 
cases required either the same or few- 
er antiglaucoma medications, whereas 
nine (31%) needed more medications 
postopeoratively. So far, none of our 
patients have required further glauco- 
ma surgery for intraocular pressure 
control. The implantation of a posteri- 
or chamber intraocular lens did not 
seem to affect intraocular pressure 
control. Visual acuity preoperatively 
was 20/200 or less in all our cases; post- 
operatively, 14 (48%) had a visual 
acuity of 20/160 or better (Fig 5). Im- 
provement of two or more Snellen lines 
occurred in 20 (69%) of the patients 
follewing cataract extraction, whereas 
only nine (21%) had less than two 
Snellen lines of improvement. 


COMMENT 


Cataract extraction in eyes with 
filtering blebs may be approached 
using more than one type of incision. 
Seme investigators advocate oper- 
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Fig 4.—Distribution of patients according to intraocular pressure (IOP) category and number of 
antiglaucoma medications administered preoperatively and postoperatvely. Numbers above 
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Fig 5.—Changes in visual acuity after cataract extraction. HM indicases hand motions; CF, 
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ating through the filtering bleb itself,’ 
whereas others operate anterior to 
the bleb through clear cornea.*’ The 
cataract incision may also be placed 
inferiorly”? or temporally” away from 
the filtering bleb. 
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The Table sammarizes the experi- 
ence of previous investigators with 
intracapsular cataract extraction af- 
ter filtering operacions.** The intrao- 
cular pressure was under good control 
in most of these patients after cata- 
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tFurther surgery. 


ract extraction, with or without anti- 
glaucoma medications. In some cases, 
however, further glaucoma surgery 
was needed for intraocular pressure 
control.*>*’ 

Extracapsular cataract extraction 
using an inferior temporal approach 
was previously described in 25 
patients with prior filtration surgery.’ 
Details were reported in only nine of 
these cases with at least one year of 
follow-up; all patients had adequate 
intraocular pressure control, although 
in individual patients, a slight eleva- 
tion in intraocular pressure was 
noted. Alpar" described 85 eyes with a 
filtering bleb that had extracapsular 
cataract extraction or phacoemulsifi- 
cation through a temporal bevel inci- 
sion. In all cases, the intraocular pres- 
sure remained controlled. Obstbaum” 
described 15 eyes that had extracap- 
sular cataract extraction after fil- 
tering surgery with a follow-up period 
of nine months. Twenty percent of 
these patients required more anti- 
glaucoma medications postoperative- 
ly. 

In our study, all patients had a 
temporal or inferotemporal limbal 
cataract incision. There was no signif- 
icant difference between the mean 
preoperative and the mean postopera- 
tive intraocular pressure (Fig 2). 
However, nine (31%) of the patients 
required an increase in the number of 
antiglaucoma medications after cata- 
ract surgery, but none required surgi- 
cal intervention for intraocular pres- 
sure control. The difference between 
the number of patients requiring no 
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medications before and after cataract 
extraction was not statistically signif- 
icant, whereas the percentage of 
patients who required one or more 
medications after cataract extraction 
was more than before cataract extrac- 
tion; this difference, however, was not 
statistically significant (Table). Vitre- 
ous loss did not seem to affect intrao- 
cular pressure control. 

As expected, relative improvement 
in visual acuity was observed in most 
of our patients (Fig 5). Those patients 
who had minimal or no change in 
their visual acuity after cataract 
extraction were found to have far- 
advanced optic nerve damage. None of 
these patients, however, had visual 
deterioration or loss as a result of 
intraoperative or postoperative com- 
plications. The intraocular pressure 
changes observed in our series seemed 
to compare with previously reported 
results.™? Visual improvement in our 
patients was not as pronounced, how- 
ever, perhaps because of the differ- 
ence between the patient populations. 
Most patients referred to our service 
had had their glaucoma surgery done 
at an advanced stage of disease. 

Our review shows that nine (31%) 
of the patients that had extracapsu- 
lar cataract extraction performed 
through a temporal or inferotemporal 
limbal incision away from the filtra- 
tion area required more antiglaucoma 
medications. Medical treatment in our 
series was initiated or increased 
whenever postoperative pressure rose 
to unsafe levels because we were par- 
ticularly concerned about pressure 
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Duration of Type of Controlled 
No. of Follow-up, Procedure Without Controlled 
Source, y Eyes mo (Incision) * Medication With Medication Uncontrolledt 

Randolph et al,4 1971 46 Unspecified ICCE (clear cornea) 20 (43) 20 (43) 6 (13) 
Regan and Day, 1971 70 60 ICCE (through bleb) 60 (86) 5 (7) 5 (7) 
Baloglou et al,8 1972 27 6-156 ICCE (inferior) 18 (67) 6 (22) 3 (11) 

17 ICCE (temporal) 7 (41) 7 (41) 3 (18) 
Kondo,’ 1979 24 Unspecified ICCE (clear cornea, 22 (91) 2 (9) o (0) 





7 (32) 2 (9) 





4 (18) O (0) 
Not specified Not specified 


15 (100) O (0) 










11 (38) 





* ECCE indicates extracapsular cataract extraction; ICCE, intracapsular cataract extraction; and IOLs, intraocular lenses. 


rise in our patient population, most of 
whom had far-advanced glaucoma- 
tous optic nerve damage, as previously 
mentioned. All our patients’ condi- 
tions could be controlled medically, 
and none required additional glauco- 
ma surgery. No definite conclusions 
can be drawn with respect to the 
long-term fate of intraocular pressure 
control after cataract extraction. 
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The Effect of Some Treatment Variables on the 
Results of Trabeculoplasty 


Harri J. Rouhiainen, MD; Markku E. Teräsvirta, MD; Erkki J. Tuovinen, MD 


@ One hundred nineteen eyes of 99 
patients were prospectively followed up 
for 12 to 21 (mean, 17) months. Laser 
powers used were lower than those origi- 
nally proposed by other physicians and 
ranged from 500 to 800 mW. The postop- 
erative pressure reduction was statistical- 
ly significant in each power group. The 
pressure reduction was statistically sig- 
nificantly dependent on the grade of pig- 
mentation en the trabecular meshwork. 
The quality of the visible burn effect or 
placement of burns did not have any 
impact on the postoperative pressure 
reduction. 

(Arch Ophthalmo/ 1988; 106:61 1-613) 


Ry sinee Wise and Witter’ intro- 
duced their method of treating 
open angleglaucoma with argon laser 
trabeculoplasty (ALT) in 1979 the pro- 
cedure has remained virtually un- 
changed. Numerous attempts have 
been made to-disclose the factors that 
influence the outcome of the proce- 
dure.> Some modifications of the 
original proeedure have been sug- 
gested, mainly on the number and 
placement of the laser applications,°”° 
to reduce the adverse effects of ALT. 
It has been suggested that reducing 
the laser power to a level somewhat 
lower than originally proposed by 
Wise and Witter' might reduce both 
the magnitude and frequency of the 
immediate pestoperative intraocular 
pressure (JOP) increase.'' Also, the 
formation of peripheral anterior 
synechiae (PAS) has been shown to be 
less frequent with milder burns.” 
Reducing the laser power to below 500 
mW is not recommended because of 
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poorer results." In this prospective 
study an attempt was made to evalu- 
ate the effect of some treatment vari- 
ables on the results of ALT. Special 
attention was paid to the laser power 
and the pigmentation of the anterior 
chamber angle. 


PATIENTS AND METHODS 


One hundred patients (120 eyes) were 
included in the study. One patient died 
during the follew-up period, leaving 119 
eyes for the final evaluation. Fifty-nine 
eyes had primary open angle glaucoma 
(POAG) and 60 eyes had capsular (pseudo- 
exfoliation) glaucoma. We decided that the 
follow-up was to be at least 12 months and 
the operations were performed between 
January and September 1986. By Septem- 
ber 1987 the mean follow-up was 17 months 
(range, 12 to 21 months). 

Forty-one of the eyes were from male 
patients and 78 were from female patients. 
The mean age of the patients was 71 years 
(range, 51 to &7 years). All eyes were 
receiving maximal tolerated antiglauco- 
matous medication that was insufficient to 
control the glaucoma. The ALT was per- 
formed according to the Wise and Witter' 
protocol with a calibrated continuous-wave 
argon laser unit (Lasertek 41 AK F1, Hel- 
sinki). The calibration was accomplished 
by measuring the outcoming laser beam 
power by a digital power-energy gauge 
(Scientech 362, Boulder, Colo). The laser 
settings were as originally proposed by 
Wise and Witter’ (spot size, 50 um; shutter 
speed, 0.1 s), except for the number of 
applications and laser power setting. Four 
different power levels were chosen: 500 
mW, 600 mW, 700 mW, and 800 mW. The 
power level used was randomly chosen for 


each eye. Topical anesthesia was achieved 
with one drop of benoxinate hydrochloride. 
Retrobulbar anesthesia was not used. 

Fifty laser applications were evenly 
placed over 180° along the pigmented band 
of the trabecular meshwork. The beam was 
directed either on the anterior or the pos- 
terior border of the pigmented bands; the 
placement was randomly chosen for each 
eye. The burns were delivered through the 
steepest mirror of a three-mirror Gold- 
mann contact lens (Liebefeld, Switzer- 
land). The IOP was measured with Haag- 
Streit applanation tenometer (Liebefeld) 
immediately before the operation and 1, 3, 
6, 12, 18, and 21 months postoperatively. 
The mean value of four IOP readings from 
the preoperative 12-month period was 
taken as the basis for comparison with 
the postoperative measurements. Treat- 
ment was considered successful if there 
was a permanent reduction in IOP of at 
least 3 mm Hg to a level of less than 21 
mm Hg. 

Before the operation the chamber angle 
was viewed to spot the possible preexisting 
PAS and to determine the grade of pig- 
mentation. Another gonioscopic examina- 
tion was performed postoperatively at the 
six-month follow-up visit to locate the PAS 
induced by the operation and to estimate 
the amount of pigment in the trabecular 
band. The graded pigmentation was di- 
vided into three categories: (1) light, (2) 
moderate, and (3) heawy. Grades were esti- 
mated from the 180° treated with ALT. 
The preoperative anmtiglaucoma therapy 
was continued unchanged during the fol- 
low-up period. No anti-inflammatory med- 
ication was given. Multiple regression 
analysis, analysis of variance (ANOVA), 
and t tests in pairs were used for the 
statistical analysis of the material. 


Table 1.—Cumulative Success Rate of Argon Laser Trabeeuloplasty 
With Two Types of Glaucoma 


Glaucoma Type 


Capsular 
Primary open angle 
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Fig 1.—Mean (+ SD) preoperative and postoperative intraocular pressure (IOP) at four different 
powers of argon laser trabeculoplasty (primary open angle and capsular glaucoma combined). 
There is no statistically significant difference between groups (P = .06 by analysis of variance). 
Xs indicate 500 mW; plus signs, 600 mW; circles, 700 mW; and asterisks, 800 mW laser 
power. 


_ Table 3.—Mean Postoperative Intraocular Pressure (IOP) Decrease at Different Grades 
| of Pigmentation of Trabecular Meshwork 










Pigmentation Grade 
pra O, 
Moderate Heavy 
No. of eyes 44 37 
Mean (+ SD) IOP decrease, mm Hg 4.4 + 3.3* 5.9 + 2.9* 







Total 















*P < .01 by analysis of variance. 


IOP, mm Hg 


Operation 


No. of mo After Operation 





Fig 2.—Mean (+ SD) preoperative and postoperative intraocular pressure (IOP) with two types of 
glaucoma. Postoperative IOP decrease is statistically significantly smaller in eyes with primary 
open angle glaucoma (POAG) (P = .01 by analysis of variance). Asterisks indicate capsular 
glaucoma; circles, POAG. 
RESULTS eyes with capsular glaucoma were 
considered to be successfully treated 
by the above-mentioned criteria. The 
success rates at different postopera- 


At the end of the follow-up 60% of 
the eyes with POAG and 72% of the 
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Table 2.—Distribution of Trabecular 
Meshwork Pigmentation by Argon Laser 
Power 


Pigmentation (%) by 


Power, mW 
Pigmentation a 
Grade 500 600 700 800 
Light 36 25 40 57 
Moderate 28 38 30 32 
Heavy 36 37 30 11 





tive visits up to 12 months are pre- 
sented in Table 1. 


Power Level 


Four different power levels were 
chosen and the eyes were equally 
divided so that each power group com- 
prised 15 eyes with POAG and 15 with 
capsular glaucoma. A lower limit of 
0.5 W was chosen because the results 
of the ALT with lower power are not 
acceptable. With a power of 0.9 W 
and above there is an increased risk of 
acute postoperative IOP increase,!! so 
0.8 W was chosen as the higher limit. 
We chose 0.6 W and 0.7 W from the 
middle of these two extremes. A sta- 
tistically significant IOP decrease 
(P < .01 by t test) postoperatively was 
found in each power group. There was 
a statistically insignificant difference 
in postoperative IOP between the 
power groups (P=.06 by ANOVA) 
during the first six months, with the 
IOP reduction being greatest in the 
700-mW group and smallest in the 
800-mW group. Later during the fol- 
low-up the differences disappeared. 
The mean preoperative and postoper- 
ative IOP measurements are pre- 
sented in Fig 1. 


Pigmentation Grade 


The three grades of pigmentation, 
(1) light, (2) moderate, and (3) heavy, 
were distributed in the four power 
groups as presented in Table 2. The 
postoperative IOP decrease was 
smallest in the lightly pigmented eyes 
and greatest in the heavily pigmented 
eyes, with the difference being sta- 
tistically significant (P <.01 by 
ANOVA) (Table 3). There was no sta- 
tistically significant difference in the 
IOP decrease between the four powers 
within each pigmentation group. 


Other Variables 


The mean ages of the patients with 
failed and successful treatment did 
not differ statistically significantly 
from each other (P = .80 by regres- 
sion analysis). Sex had no statistical 
significance in the results (P = .09 by 
ANOVA). The mean postoperative 
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ia of Eyes 


Trabecular Meshwork 
Placement 
—_ Tr OO 
Anterior Posterior 


Medication * 


Pigmentation Grade 


Effectt 


aAa 


2 3 4 5 Heavy MB BB BF 


6o't 9 14 14 30 4 28 
BET TS 2d 23 2 15 


Light Moderate 
Primary opea anne 59 s7 663 


Capsule 60 33 67 





*1 indicates pilecarpine chloride only; 2, timolol maleate only: 3, pilocarpine and timolol; 4, pilocarpine, timolol, and acetazolamide; and 5, other drug 
combinatiens. 
TMB indicases mainly blanching BB, blanching and bubble formation; and BF, mainly bubble formation. 


IOP deerease was statistically signifi- 
cantly greater in eyes with a higher 
preoperatwe IDP (P <.01 by regres- 
sion analysis). It was also greater in 
eyes wrth capsular glaucoma as com- 
pared with chose suffering from 
POAG (P= Œ by ANOVA) (Fig 2). 
Periphera arterior synechiae were 
found -n 22% of the eyes, with the 
postoperative OP decrease being sta- 
tistical y significantly smaller ‘in 
these eyes (P < .01 by ANOVA). The 
formaton of PAS is discussed more 
thoroughly el=where.” 

Preoperative antiglaucoma medica- 
tion wes diviced into five categories: 
(1) mloearpine chloride only; (2) timo- 
lol maleate only; (3) pilocarpine and 
timelol (<) pilocarpine, timolol, and 
acetazclamide and (5) other combina- 
tions. The m-an postoperative IOP 
decrease did not differ statistically 
significantly P=.50 by ANOVA) 
between taese-five groups. 

The visible-effect of the laser appli- 
cations or the trabecular meshwork 
was diwided nto three groups: (1) 
mainly blanching; (2) both blanching 
and bubble fommation; and (3) mainly 
bubble formation. There was no sta- 
tistical y sigmificant diference be- 
tween «hese tlree groups (P = .50 by 
ANOVA). 

The burns were placed either at 
posterior trasecular meshwork, as 
originally preposed by Wise and Wit- 
ter, or eat the anterior trabecular 
meshwork The mean postoperative 
IOP decrease was similar in the two 
groups (P= 4 by ANOVA). The dis- 
tribmtien of different measures in all 
treated eyes is presented in Table 4. 


SOMMENT 


The effect of the amourt of pigment 
at the anterie= chamber angle on the 
results of ALT has been somewhat 
controversial.. Most recent studies, 
however, kavesshown betzer results of 
ALT ir the more pigmented eyes. In 
this respect te present study is in 
accerdence wih those reports.™ How- 
ever. the pigmentation was consider- 
ably heavier in eyes with capsular 
glaucoma (Table 4), which may skew 
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the results since the IOP reduction 
was greater in those eyes. The laser 
power in the original Wise and Wit- 
ter' protocol varied from 1000 to 1500 
mW. The powers used in the present 
study were considerably lower. In 
some patients power as low as 350 mW 
will produce the desired decrease in 
IOP.“ However, with power under 
500 mW the success rate of the proce- 
dure is considerably lower than with a 
higher power." All laser powers used 
in the present study produced a statis- 
tically significant reduction of IOP. 
The reduction was greatest in the 
700-mW group and smallest in the 
800-mW group. This difference, how- 
ever, is most probably biased because 
57% of the eyes in the 800-mW group 
were lightly pigmented, whereas in 
the other power groups the grade of 
pigmentation was more equally dis- 
tributed (Table 2). 

The postoperative IOP reduction 
was greater in eyes with capsular 
glaucoma than in eyes with POAG, as 
already noted in former studies.?!*'* 
However, the pigmentation of the 
chamber angle was considerably 
heavier in the eyes with capsular 
glaucoma (Table 4), which might be 
the reason for the greater IOP reduc- 
tion in capsular glaucoma. The reduc- 
tion was greatest when the preopera- 
tive IOP was highest, as has also been 
previously reported.*'> None of the 
other criteria studied had any effect 
on the results. 

In the present study, with a cali- 
brated laser apparatus, a visible 
blanching effect was achieved with 
the lowest power even in the least 
pigmented trabecular meshwork. In 
fact, it may well be as Wilensky”’ 
suggested: the quality or even 
absence of the reaction at the trabe- 
cular meshwork does not affect the 
results of ALT. It seems that the 
factors most prominently affecting 
the results of ALT are the type of 
glaucoma, pigmentation of the cham- 
ber angle, and laser power. When a 
calibrated laser apparatus is used, 
standard power of 500 to 600 mW 
gives the same reduction in IOP as 


higher power but with fewer compli- 
cations.!!? 


This study was finaneially supported by the 
Finnish Eye Foundation, Helsinki. 
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Long-term Evaluation of 0.25% Levobunolol and 


Timolol for Therapy for Elevated Intraocular Pressure 


Fay W. Boozman III, MD; Richard Carriker, MD; Robert Foerster, MD; 
Robert C. Allen, MD; Gary D. Novack, PhD; Amy L. Batoosingh 


@ In a one-year, double-masked, ran- 
domized study, the ocular hypotensive 
efficacy of twice-daily treatment with 
0.25% levobunolol hydrochloride or timo- 
lol maleate was evaluated in 78 patients 
with glaucoma or ocular hypertension 
(phase 1). If intraocular pressure (IOP) 
was not well controlled during the study, 
the concentration of medication was in- 
creased to 0.5%, and the patient was 
followed up for an additional three 
months (phase 2). During phase 1, the 
mean IOP was reduced by 4.6 mm Hg in 
the timolol treatment group and by 5.1 
mm Hg in the levobunolol treatment 
group. Seventy-one percent (29/41) of 
the patients in the timolol treatment group 
and 70% (26/37) of the patients in the 
levobunolol treatment group successfully 
completed phase 1. Of those patients who 
required the higher concentration of med- 
ication, 89% (8/11) in the timolol treat- 
ment group and 75% (3/4) in the levobu- 
nolol treatment group successfully com- 
pleted phase 2. Higher concentration, 
however, did not produce greater IOP 
reduction. No statistically or clinically sig- 
nificant differences between the groups 
were noted in any of the efficacy or safety 
variables evaluated. 

(Arch Ophthalmol 1988; 106:614-6 18) 
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Although the 0.5% concentration of 

timolol maleate is most frequent- 
ly used to reduce elevated intraocular 
pressure (IOP), initial dose-response 
studies suggested that the 0.25% dose 
might be equally effective.! In addi- 
tion, two pilot studies have since indi- 
cated that 0.25% timolol maleate and 
0.25% levobunolol hydrochloride are 
effective for long-term glaucoma 
therapy.™ To establish the minimum 
dose needed to obtain the desired 
therapeutic hypotensive effect, we 
thought that additional evaluation of 
lower concentrations of -blockers 
was important. The objective of the 
present study, therefore, was to assess 
the long-term efficacy of twice-daily 
treatment with 0.25% timolol maleate 
and 0.25% levobunolol hydrochloride 
in a double-masked, randomized, con- 
trolled clinical trial. 


PATIENTS AND METHODS 
Study Population 


We selected patients for study participa- 
tion with chronic open angle glaucoma or 
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ocular hypertension whose unmedicated 
IOP was 22 mm Hg or more in at least one 
eye. Patients with systemic contraindica- 
tions to B-blockers, those taking more than 
one ocular hypotensive medication, and 
women of childbearing potential were 
excluded from the study. For those 
patients who previously took ocular hypo- 
tensive medication, a washout period was 
required that lasted four days for pilocar- 
pine hydrochloride or pilocarpine nitrate 
and two weeks for 8-blockers or epineph- 
rine hydrochloride. All patients who par- 
ticipated in the study gave their written 
informed consent. 


Study Techniques 


This double-masked, parallel clinical 
trial was a two-phase titration study. Dur- 
ing the first phase, patients were randomly 
assigned to receive either timolol maleate 
or levobunolol hydrochloride, 0.25%, twice 
daily, for one year. If IOP was uncontrolled 
during phase 1, patients entered the second 
phase and received the 0.5% concentration 
of the same §-blocker for an additional 
three months. If IOP remained uncon- 
trolled with the higher concentration, 
study participation was discontinued. We 
defined uncontrolled IOP as an IOP value 
in the treated eye that was less than 20% 
below the baseline value at each of two 
consecutive visits. 

Patients were also discontinued from the 
study for adverse reactions to the study 
medications and for administrative rea- 
sons, such as lack of compliance with the 
medication regimen or failure to return for 
follow-up visits. All data from discontin- 
ued patients were included in the analy- 
sis. 

The baseline examination consisted of a 
complete eye examination, including bio- 
microscopy and ophthalmoscopy and mea- 
surements of IOP and visual acuity. Heart 
rate and blood pressure were also mea- 
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Treatment Group 
eoOoggfgKNRMKMNe 
Levo- 
bunolol 
Hydro- 
chloride 
(n = 37) 


Timolol 
Maleate 
(n = 41) 


61.4 + 13.5 57.1 + 14.7 
27-82 25-80 


35 


6 
O 


glaucome 
Ocular 
hypertension 
Open angle 
glaucome and 
cular 
fhypertension= 





“Ne statistically significant differences between 
the groups were ned in any of the patient charac- 
teristics. 

+Oesular hyperteesion was defined as elevated 
intraoeular pressur=without visual ïeld loss or nerve 
head damage. 

¢Open angle gi=ucoma in one eye and ocular 
hypertensicn in the -ellow eye. 


sured, and an eEctrocardiogram was per- 
formed. Visual fields were assessed by 
manual kinetic Goldmann perimeter) or 
automated statie threshold techniques. 

Following the baseline examination, a 
drop of masked medication (0.25% levobu- 
nolo! hydrochlor de or 0.25% timolol male- 
ate) was instilled into the treated eye(s) of 
each patient. Pztients were instructed to 
continue instill=fion of the study medica- 
tion into each treated eye twice daily (7 to 9 
AM and 8 to 10 pm). On follow-up examina- 
tion days, the morning medications were 
instilled afier #xaminations were per- 
formed. 


Stati=ical Evaluation 


In all statistical analyses, a two-sided P 
value less than er equal to .05 was consid- 
ered statistically significant. Age was ana- 
lyzed usmg a two-way analysis of vari- 
ance Sex and i ts color were analyzed by 
the Mantel-Haenszel test for two-by-two 
tables. Race wes analyzed by Fisher’s 
exact test for tase-by-two tables. Analysis 
of the time to treatment failure during 
phase 1 was per-ormed with Kaplan-Meier 
survival eumves. and comparison of the 
curves was pesformed by the log-rank 
test.” Right and left eye IOP values were 
averaged for analysis, except for those 17 
patients whe met minimum baseline IOP 
requirements in Ine eye only. Comparisons 
between the two treatment groups’ IOP 
changes were performed at the baseline 
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Treatment Group, No. (%) of Patient 
Timolol Maleate Levobunolol Hydroshioride Total 


Phase 1 (0.25%), 12 mo 


Successfully cempleted 29 (71) 


Discontinued 
Adverse drug experience 1 (2) 


Unrelated to treatment 2 (5) 
Titrated to phase 2 9 (22) 
Total 41 (100) 


Phase 2 (0.5%), 3 mo 


Successfully cempleted 8 (89) 


Discontinued 
Unrelated to treatment 1 (11) 
Inadequate IOP controlt O (0) 
Total 9 (100) 


26 (70) 55 (71) 


4 (11) i 5 (6) 
3 (8) 5 (6) 


4 (11) 
37 (100) 


13 (17) 
78 (100) 


3 (75) 11 (85) 


o (0) 
1 (25) 
4 (100) 


1 (7.5) 
1 (7.5) 
13 (100) 





*There were no statistically significant differences between groups in patient status in phase 1. 


tlOP indicates intraocular pressure. 


and at each follow-up period (mean change 
from the baseline) by a two-way analysis 
of variance. Overall mean changes from 
the baseline were analyzed by a repeated- 
measures analysis of variance model.‘ 
Heart rate and systolic and diastolic blood 
pressures were analyzed by the same 
methods used for IOP. Probability testing 
was performed on phase 1 data only. 


RESULTS 
Patient Characteristics 


We evaluated 78 patients with ocu- 
lar hypertension or chronic open 
angle glaucoma during the study, 37 
in the levobunolol treatment group 
and 41 in the timolol treatment group. 
Demographic details and glaucoma 
diagnosis data are shown in Table 1. 


Status of Patients 


The IOP of 29 patients in the timo- 
lol maleate treatment group and 26 
patients in the levobunolol hydrochlo- 
ride treatment group was successfully 
controlled for one year with the 0.25% 
concentration (Table 2). At approxi- 
mately one year, the life-table proba- 
bility estimates of successful treat- 
ment with the 0.25% concentration 
were 0.77 and 0.89 for the timolol and 
levobunolol treatment groups, respec- 
tively (Fig 1). No significant differ- 
ence was seen between the two surviv- 
al curves. 

The concentration of 13 patients’ 
test medication was increased from 
0.25% to 0.5%. These 13 patients had 
varied treatment histories, ranging 
from no previous treatment with 
glaucoma medications to a history of 
treatment with timolol. Intraocular 
pressure in 11 of the 13 patients was 
subsequently controlled with the 
higher concentrations of medication, 
and they successfully completed the 
three months of phase 2. One patient 
who received 0.5% levobunolol hydro- 


chloride was excluded from the study 
because of inadequately controlled 
IOP, and another patient who 
received 0.5% timolol maleate was 
excluded for reasons unrelated to the 
treatment. 

Two patients in the 0.25% timolol 
maleate treatment group and three 
patients in the 0.25% levobunolol 
treatment group were excluded for 
reasons unrelated to the study treat- 
ments. This included a levobunolol- 
treated patient who experienced a 
stroke, which an internist judged not 
to be related to the study treatment. 

Five patients were eliminated from 
the study because of possible drug- 
related adverse effects. One patient 
experienced nausea, red eyes, and pur- 
ple splotches before her eyes while she 
was taking 0.25% levobunolol hydro- 
chloride. The symptoms abated after 
discontinuing the drops and did not 
appear with rechallenge. A second 
patient experienced light-headedness, 
dizziness, and malaise while she was 
receiving 0.25% timolol maleate. She 
discontinued the study medication on 
her own and was not rechallenged. A 
third patient had an electrocardio- 
gram that showed a ventricular 
bigeminy and a borderline first- 
degree atrioventricular (AV) block 
after she received 0.25% levobunolol 
hydrochloride for six months. She had 
no subjective or other objective find- 
ings. On follow-up examination one 
week later, the ventricular bigeminy 
had disappeared but the AV block 
remained. A fourth patient experi- 
enced shortness of breath while 
receiving 0.25% levobunolol hydro- 
chloride; this symptom abated after 
the discontinuation of the study 
drops. Approximately two months 
after discontinuing the study medica- 
tion, this patient was rechallenged 
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Fig 1.—Life-table probability of successful treatment with 0.25% timolol maleate (cbsed circles 
and dashed line) or levobunolol hydrochloride (open circles and solid line) (phase 2). Relative 
proportion of patients successfully controlled during one year of study. 
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Fig 2.—Mean intraocular pressure of patients in 0.25% timolol maleate (open circles and dashed 
line) or 0.25% levobunolol hydrochloride (closed circles and solid line) treatment gmups during 
one year of study (phase 1). 


Table 3.—Intraocular Pressure: Mean Changes From Baseline* 





Phase 1 
G2... Rk nk DO 


0.25% Timolol 
Maleate 


_eeerrReweFeYKrwrr = 
Week N Mean + SD N 


oO. oO. 
33 fk 2 32 j 
32 fe 2, 29 : 
29 Saas 26 y 


0.25% Levobunolol 
Hydrochloride 


-———_-_-_ \wr\wrm—— -" 
Mean + SD 


6 —4.7 + 2.6 —45 +29 
4 =—4.3°+..2.3 -52 + 2.9 
Overall mean change —4.6 Spg 


* At all visits in both treatment groups, mean decreases were significantly different from the baseline. No 
significant between-group differences were noted. Mean changes in intraocular pressure are given in 
millimeters of mercury. 
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with no recurrence of symptoms. A 
fifth patient, while taking 0.25% levo- 
bunolol hydrochloride, showed signs 
of syncope and possible sick sinus 
syndrome. The study medications 
were discontinued, and the patient 
was not rechallenged. 


Ocular Hypotensive Effects 


At follow-up visits during phase 1, 
statistically significant mean IOP 
decreases of approximately 4 to 6 mm 
Hg were seen in both groups (Fig 2 
and Table 3). Mean decreases over the 
one-year period were 5.1 and 4.6 mm 
Hg in the levobunolol and timolol 
treatment groups, respectively. The 
power to detect a 2-mm Hg difference 
between groups was 0.90. 

During phase 2, mean IOP de- 
creases from the baseline varied con- 
siderably in both groups (Table 4). 


Other Ocular Effects 


Over half of the patients (23 of 41 
patients in the 0.25% timolol maleate 
treatment group and 24 of 37 patients 
in the 0.25% levobunolol hydrochlo- 
ride treatment group) experienced 
burning and/or stinging at one or 
more follow-up visits (Table 5). How- 
ever, as the study progressed, the 
number of complaints decreased. Dur- 
ing phase 2, all patients who had 
complained of burning and stinging 
with the lower drug concentration 
also complained with the higher con- 
centration. One timolol-treated pa- 
tient experienced burning and sting- 
ing with the higher concentration but 
not with the lower concentration. 
Few other ocular complaints were re- 
ported. 

Little significant change was seen 
in cup-disec ratio. With respect to 
visual fields, 11 patients (14 eyes) had 
a change from a norma! visual field at 
the baseline to an abnormal field at 
follow-up. These findings were simi- 
larly divided between treatment 
groups and in patients who demon- 
strated a good ocular hypotensive 
response to the treatment. 

Few clinically significant changes 
were seen in visual acuity or biomi- 
croscopic examinations. 


Systemic Effects 


A significant decrease in the mean 
heart rate of 3.6 beats per minute 
(bpm) at week 1 and of 4.5 bpm at 
week 24 was observed within the levo- 
bunolol treatment group (Fig 3). How- 
ever, no significant between-group 
difference was observed at any visit. 
Virtually no change in the overall 
mean heart rate occurred in the timo- 
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* Mean changes in intraocular pressure are given in millimeters of mercury. 7 
tWeek 0 is the same as the baseline, phase 1. No probability testing was performed on these data. 
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Fig 3 —Mean heart rate of patients in 0.25% timolol maleate (open circles and dashed line) or 
0.25% levobunolel hydrochloride (closed circles and solid line) treatment groups during one year 


of study (phase 1]; bpm indicates beats per minute. 


lol treatment group during phase 1, 
and the overall mean decrease in the 
levobunolo! treatment group was also 
minimal (—2. bpm). Similarly, there 
was little significant change from the 
baseline or between groups in systolic 
or diastolic blood pressure with either 
treatment (Fig 4). Clinieally signifi- 
cant decreases in heart rate (=15%) 
and systolic (>20 mm Hg) or diastolic 
blood pressure (>10 mm Hg) were 
seen at some visits for approximately 
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10% to 20% of the patients in both 
groups. 


COMMENT 


The results of this study demon- 
strate a significant ocular hypoten- 
sive effect with the 0.25% concentra- 
tions of levobunolo] hydrochloride and 
timolol maleate when administered 
twice daily. The long-term efficacy 
and safety of twice-daily 0.25% levo- 
bunolol hydrochloride and 0.25% 
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timolol maleate in the present study 
was similar to that reported previous- 
ly with the 0.5% concentrations of the 
Same agents given twice daily.’ We 
saw little evidence of the development 
of tolerance to the 0.25% concentra- 
tion of levobunolol hydrochloride or of 
fimolol maleate. In a recent open- 
label study, 0.25% levobunolol hydro- 
chloride was reported effective on a 
once-daily regimen '° 

During our study, 85% of the 
patients whose IOP was uncontrolled 
with the 0.25% concentration had suc- 
cessfully controlled IOP with the 0.5% 


concentration. The mean decrease in 


IOP of those patients receiving the 
0.5% concentration ranged from 2 to 4 
mm Hg, somewhat lower than that 
observed with the 0.25% concentra- 
tion. This was not due to a baseline 
effect, as the subset of patients who 
entered phase 2 actually had a base- 
line IOP 2 to 3 mm Hg greater than 
the total population. The relatively 
small sample size of patients whose 
medication was inereased to a 0.5% 
concentration limits any definitive 
conclusions. However, Richardson and 
Kurtzman" have commented that 
increasing the timolol concentration 
from 0.25% to 0.5% had little effect on 
patients who had developed tolerance 


to timolol maleate. Furthermore, in. 


previous studies of long-term 8-block- 
er use, little difference was found 
between the 0.25% or 0.5% concentra- 
tions of either levobunolol hydrochlo- 
ride*'° or timolol maleate.*” 

The changes seen in visual fields in 
the present study were primarily mild 
and may have been due to the vari- 
ability of the examination itself or 
due to the natural progression of the 
disease. 

While neither lewobunolol nor timo- 
lol had a significant effect on mean 
heart rate or blood pressure, several 
patients had clinically significant 
decreases in heart rate and/or blood 
pressure at some follow-up visits. The 
overall mean decreases from the base- 
line in heart rate and blood pressure 
were slightly greater in the levobuno- 
lol treatment group than in the timo- 
lol treatment group. However, these 
decreases were neither statistically 
nor clinically significant in within- 
group or between-group comparisons. 
The ventricular bieminy and first- 
degree AV block neted in one levobu- 
nolol-treated patient are consistent 
with cardiac 8-blockade, a known side 
effect of topical 8-blockers." 

Other reactions possibly related to 
the use of the study medication and 
previously reported with the use of 
-blockers were urticaria, light-head- 
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Fig 4.—Mean blood pressure of patients in 0.25% timolol maleate (open circles and dashed 
lines) or 0.25% levobunolol hydrochloride (closed circles and solid lines) treatment groups during 
one year of study (phase 1). Two curves at top indicate systolic blood pressure; two curves at 


bottom, diastolic blood pressure. 


edness, dizziness, malaise, and short- 
ness of breath." While over half of the 
patients in both treatment groups 
complained of burning and/or sting- 
ing at one or more visits, the number 
of patients who reported burning and 
stinging decreased over time. A simi- 
lar experience was noted for both 
drugs when administered twice daily 
at a concentration of 0.5%." 

In an effort to minimize drug-re- 
lated systemic adverse reactions, we 
suggest minimizing the amount of 
drug made available for systemic 
absorption by using the lowest effec- 
tive concentration, reducing the fre- 
quency of dosing, and using physical 
techniques, such as punctal occlusion 
or eyelid closure after instillation of 
eye drops." 
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The option to increase the concen- 
tration of levobunolol hydrochloride 
or timolol maleate from 0.25% to 
0.5% when a patient’s IOP is no longer 
maintained on the 0.25% concentra- 
tion might be useful in some patients 
before adding other medications to 
their glaucoma regimen. 


Dr Novack and Ms Batoosingh are employed by 
Allergan Inc, Irvine, Calif, but have no propri- 
etary interest in levobunolol. 

John C. Lue, MS, provided statistical analysis 
of this study, and Mary-Jane Branin, MA, gave 
editorial advice. 
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A Comparison of Experienced Clinical Observers and 


Statistical Tests in Detection of Progressive 


Visual Field Loss in Glaucoma Using Automated Perimetry 


Elliot B. Werner. MD; Kim I. Bishop, MS; Jonathan Koelle; Gordon R. Douglas, MD; Raymond P. LeBlanc, MD; 
Richard P. Mills, MD; Bernard Schwartz, MD, PhD; William R. Whalen, MD; Jacob T. Wilensky, MD 


è The visual fields of 30 patients (sub- 
jects) with glaucoma were sent to six 
experienced clinicians (observers). Each 
subject had at least four visual field exam- 
inations on the OCTOPUS 201 automated 
perimeter spanning at least one year. 
Each observer was asked to review the 
visual field data of each subject and 
determine whether the visual fields were 
stable, improved. or worse over time. The 
visual field Gata were then analyzed using 
six different stattstical models. In only 15 
of the 30 subjec's did at least five of the 
six human observers agree on the behav- 
ior of the visual field. Agreement among 
the statistical medels was better, with at 
least five of the six models agreeing on 22 
of the 30 subjects. It was concluded that 
there is, at present, no validated tech- 
nique for detecting progressive visual 
field loss in glaucoma using automated 
perimetry when relatively few visual fields 
are available for analysis. 

(Arch Ophthalmol! 1988; 106:6 19-623) 


The develepment of automated 

perimetry kas made possible the 
measurement of the visual field witha 
precision and consistency greater 
than that generally available with 
manual perimetry. One of the original 
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benefits envisioned for automated 
perimetry was the improved detection 
of progressive visual field loss in dis- 
eases such as glaucoma. As experience 
with automated perimetry has grown, 
it has become apparent that there is 
no general agreement as to what con- 
stitutes progressive change in the 
visual field of patients with glaucoma 
or how to detect it. 

One major problem in detecting 
change is that the visual field, as 
measured by an automated perimeter, 
is subject to variability or fluctua- 
tion. Short-term fluctuation is 
defined as variability measured dur- 
ing a single visual field test. Long- 
term fluctuation is the variability 
that occurs among several visual 
fields. While short- and long-term 
fluctuations are relatively small in 
normal! individuals, it has now been 
established that the glaucomatous 
visual field is subject to much larger 
degrees of fluctuation.*!! Thus, sepa- 
rating true change from fluctuation 
poses a problem in data analysis. 

Another difficulty in detecting 
change with automated perimetry is 
the large amount of numeric data that 
are generated. It is difficult for the 
clinician to analyze these visual fields 
by simple inspection. As a result, var- 
ious types of data reduction and sta- 
tistical tests have been applied. 

The OCTOPUS system uses a soft- 
ware package called the Delta Pro- 
gram that employs a paired ¢ test to 
compare the mean sensitivities of 
visual fields measured at different 
times. The Delta Program, in fact, 
executes two separate t tests. One is 
performed on the threshold measured 
at every test location in the field. The 
other is performed only on those test 
locations deemed to be abnormal." 

Holmin and Krakau'*’ and other 
investigators*** have proposed the 
use of a linear regression model. Soft- 
ware that performs this type of analy- 


sis* is commercially available with 
the Humphrey Visual Field Ana- 
lyzer. 

Gloor and Vokt™ found a good cor- 
relation between the results of a lin- 
ear regression mođel and the results 
obtained from the Delta Program in 
analyzing the visual fields of patients 
with glaucoma. 

Hirsch” has proposed using analy- 
sis of variance to detect change with 
time. Schultz and coworkers” have 
combined analysis of variance with 
trend analysis in evaluating visual 
field changes following laser trabecu- 
loplasty. 

Some authors have avoided the use 
of statistical tests altogether by defin- 
ing a certain minimum difference 
between two visual fields as repre- 
senting true change.™! Others have 
analyzed visual fields simply in terms 
of the arithmetic difference between 
two fields without defining stability 
or progression for individual sub- 
jects.°?* 

At present, there is no generally 
accepted technique for detecting 
change in the visual field over time 
using automated perimetry. While 
Anderson* has preposed a combina- 
tion of simple observation, statistics, 
and common sense, most clinicians 
who use automated perimetry are 
probably employing simple visual 
inspection of the perimetrie data to 
diagnose progressive visual field loss 
in patients with glaucoma. 

The purpose of this study is to com- 
pare several expert human observers 
and statistical models in the evalua- 
tion of automated visual fields. We 
will show the extent of agreement 
between clinical evaluation by physi- 
cians and statistical models of visual 
field progression. 


MATERIALS AND METHODS 


Thirty eyes of 30 subjects were selected 
for the study. The subjects were not ran- 
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Fig 1.—Pattern of test locations of program 
32 of OCTOPUS 201 perimeter showing how 
visual field was divided into ten sectors corre- 
sponding to nerve fiber bundle anatomy. Sec- 
tors were used separately for analysis in linear 
regression and analysis of variance models. 
Two test locations corresponding to usual 
location of blind spot were eliminated from all 
analyses. Pattern shown is for right eye. Mirror 
image was used for left eye. 


domly selected. Rather, subjects were 
selected to provide a spectrum of severity 
of visual field loss and intraocular pressure 
control. Some of the subjects had laser 
trabeculoplasty or surgical filtering proce- 
dures. All of the subjects were using medi- 
cation for glaucoma. 

All subjects met the following criteria: 
(1) diagnosis of chronic open angle glauco- 
ma, pigmentary glaucoma, or pseudoexfol- 
iation with glaucoma; (2) at least four 
automated visual field examinations avail- 
able; (3) at least one-year follow-up after 
the first automated visual field; (4) central 
visual acuity of 20/40 or better in the eye 
selected for study that did net change 
during the follow-up period; and (5) no 
other significant ocular or systemic dis- 
ease likely to affect the visual field. 

All visual fields were performed on an 
OCTOPUS 201 perimeter using program 
32. Photostatic copies were made of the 
gray scale, threshold value, and compari- 
son printouts of the visual fields. The name 
of the patient was removed from each copy 
and replaced with a code number. The 
visual fields on each subject were placed in 
chronologic order in a file folder. 

The entire package was sent to six inde- 
pendent observers chosen for their experi- 
ence and expertise in the field of auto- 
mated perimetry. Using a random number 
generator, the 30 subjects were placed in a 
different random sequence for each 
observer. Each subject’s visual fields were, 
thus, reviewed in chronologic order, but 
the order in which the subjects were eval- 
uated was different for each observer. The 
observers were asked to review the visual 
fields of each subject in the predetermined 
random order and state whether the visual 
fields of each individual subject showed 
improvement, no change, or progressive 
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loss over time. 

Three different statistical models were 
applied to the visual field data as well. All 
statistical tests were performed on the 
decibel threshold values on the perimeter 
printout. Each statistical test was applied 
in two ways, once on all test locations in 
the entire field and once on selected por- 
tions of the visual field. There were, thus, a 
total of six different statistical observa- 
tions on each subject. 


Paired t Test Model 


Using the Delta Program available on 
the OCTOPUS perimeter, a paired t test 
was performed that compared the average 
of the mean sensitivities of the first two 
available fields with the average of the 
mean sensitivities of the last two available 
fields for each subject.: If the Delta Pro- 
gram found the difference between the 
mean sensitivities to be significant at the 
P <.05 level, the visual field was consid- 
ered to have changed. If the mean differ- 
ence per test location between the first two 
fields and the last two fields was positive, 
the visual field was considered to have 
improved. If the mean difference per test 
location was negative, the visual field was 
considered to have progressed. If the dif- 
ference in the mean sensitivities was not 
significant at the P < .05 level, the visual 
field was considered stable. This analysis 
was carried out separately for the entire 
field and for the pathologic test locations 
only, as determined by the Delta Program 
of the OCTOPUS. The result of each analy- 
sis was recorded separately for each indi- 
vidual subject. 

For the purposes of applying the next 
two statistical models, each visual field 
was divided into ten sectors that reflected 
the nerve fiber bundle anatomy of the 
retina (Fig 1). 


Linear Regression Model 


For each individual subject, the mean 
sensitivity of each visual field was deter- 
mined. This value was plotted against 
time. A linear regression analysis was 
carried out, and the correlation coefficient 
was calculated.* If the t statistice calcu- 
lated for the correlation coefficient and the 
degrees of freedom was significant at the 
P < .05 level, the visual field was consid- 
ered to have changed. If the slope of the 
best straight-line fit was positive, the 
field was considered to have improved. If 
the slope was negative, the field was con- 
sidered to have progressed. If the t sta- 
tistic calculated for the correlation co- 
efficient was not significant at the P < .05 
level, the visual field was considered to 
be stable. 

The mean sensitivity for each of the ten 
sectors of each subject’s visual field was 
then calculated and plotted against time. If 
at least two adjacent sectors or three non- 
adjacent sectors showed significant change 
according to the above criteria, the field 
was considered to have changed. If not, the 
field was considered stable. Results from 
the two linear regression calculations were 
recorded separately. 


Analysis of Variance Combined With 
Trend Analysis Model 


A one-way analysis of variance 
(ANOVA) utilizing a repeated-measures 
model was performed on the decibel 
threshold values for all test locations 
in each subjects visual field over 
time.” 0514+60 A decision as to whether an 
individual patient’s visual field had 
changed or not was made as follows: 

1. If the F ratio of the ANOVA was not 
significant at the P < .05 level, the visual 
field was considered stable. 

2. If the F ratio was significant at the 
P < .05 level, a formal trend analysis was 
performed on overall mean sensitivity lev- 
els of each visual field plotted against 
time.? (PP! 77-185,296-300) 

a. If the linear component of the trend 
analysis was not significant at the P < .05 
level, the visual fields were considered 
stable. 

b. If the linear component of the trend 
analysis was significant at the P<.05 
level, the visual field was considered to 
have changed. If the slope of the linear 
component was positive, the visual field 
was considered to have improved. If the 
slope of the linear component was nega- 
tive, the visual field was considered to have 
deteriorated. 

The same procedure was repeated for 
each of the ten sectors of each visual field. 
If at least two adjacent sectors or three 
nonadjacent sectors of an individual sub- 
ject showed significant change, the field 
was considered to have changed. If not, the 
field was considered stable. The results of 
the two analyses were recorded separately 
for each subject. 


RESULTS 


The 30 subjects presented a wide 
spectrum of visual field defects, rang- 
ing from early, relative defects to 
severe, end-stage defects. The mean 
sensitivities of the visual fields in the 
sample ranged from 0.7 to 23.9 dB 
(Fig 2). 

There were an average of 6.3 fields 
available for each subject, with a 
range of four to ten. Table 1 shows the 
frequency distribution of number of 
available fields for each subject. 

Table 2 shows the overall visual 
field rankings for each subject, as 
determined by the six human observ- 
ers and the six statistical models. The 
human observers are coded A through 
F. 

Table 3 shows the distributions of 
the visual field rankings for each of 
the six human observers. Observer A 
was most prone to say that a subject’s 
visual field had changed over time, 
while observers E and F were least 
willing to say that a field had 
changed. 

Table 4 shows the distributions of 
the visual field rankings for each of 
the six statistical models. The paired t 
test (Delta Program) on the whole 
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Fig 2.—Distribution of visual field mean sensi- 


tivities for 30 subjects in sample. 





Visual Fields 
Available per-Subject* 


Subjects 


“Mean number of visual fields per subject is 
6.3. 


visual field was most likely to result 
in a conclusion that there was signifi- 
cant change in the visual field over 
time, while the linear regression anal- 
ysis on the whele field was least likely 
to result in sueh a conclusion. 

Table 5 shows the extent to which 
the human observers were concordant 
with each other and the extent to 
which the statistical models were con- 
cordant. Perfect agreement was 
reached for 11 of the 30 subjects by 
the human observers and for ten of 
the 30 subjects by the statistical mod- 
els. In another four subjects, five of 
the six human observers agreed, while 
five of the six statistical models 
agreed for anether 12 of the subjects. 
For three subjects, there was a cata- 
strophic disagreement among the 
human observers. At least one observ- 
er said the field improved, while at 
least one other observer said the field 
was worse for the same subject. Table 
6 shows the distributions of the rank- 
ings for those three subjects. There 
were no catastrophic disagreements 
among the statistical models. 


COMMENT 


Most standard texts on glaucoma 
state that pregressive visual field loss 
is evidence that the disease process is 
not adequately controlled and consti- 
tutes an indieation for changing ther- 
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Observer Improved 






apy or considering surgery. Studies 
have been reported over the years in 
which progressive visual field loss is 
used as an end point to evaluate either 
risk factors or therapy in glauco- 
ma. '*?°%282931 Tt is clear, however, 
that present techniques for analyzing 
visual field data do not allow one to 
make this determination consistently 
for all patients. 

Disagreement among expert and 
experienced clinicians in determining 


3.—Distribution of Visual Field Rankings Among SixHuman Observers 
Visual Field Ranking 


Stable 






ANS indicates analysis of variance with trend analysis on individual visual field sectors: ANE, analysis of 
variance with trend analysis on entire visual field; DLP, paired t test (Delta Program) on pathologic test 
locations; DLE, paired t test (Delta Program) on entire visual field; LNS, linear regression analysis on individual 
visual field sectors, LNE, linear regression analysis on entire visual field; plus sign, visual field judged to show 
improvement over time; zero, visual field judged to be stable over time; and minus sign, visual field judged to be 
worse over time. 






Total No. of Subjects 
Ranked as Changed 
Over Time 















change by inspection of the visual 
fields is impressive. Observer A felt 
that 19 of the 30 subjects’ fields had 
changed over time. This observer was 
more than twice as likely to state that 
a visual field had changed as the most 
conservative of the observers, E and 
F, who felt that only eight of the 30 
subjects, fields had changed (Table 3). 
For only half ef the subjects did at 
least five of the six observers agree 
(Table 4). For three subjects disagree- 
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Visual Field Ranidne 


Statistical 
Model* 


Improved 
ANE 
LNS 
ANS 
DLP 
LNE 


Stable 





Total No. of Subjects 
Ranked as Changed 
Over Time 





*For explanation of statistical model abbreviations, see footnote to Table 2. 


E s "Table 6.—Visual Field Rankings by Human Observers and Statistical Models for Three 
Š Subjects With CAT Among Human Observers* 


Statistical Models 


— See“ c——q— 
Worse 


Stable 


Subject 


Improved 


* CAT indicates catastrophic disagreement. 


ment was such that at least one 
observer felt the visual field had 
improved, while at least one other felt 
that the field of the same subject had 
gotten worse (Table 6). We call this a 
catastrophic disagreement. It is clear 
that these clinicians are not using the 
same criteria for deciding if change is 
present. 

The human observer is probably 
incapable of digesting large quantities 
of numeric data in the format gener- 
ated by the automated perimeter. 
Even experienced clinicians will 
require assistance in evaluating this 
type of data. 

We tested the possibility that more 
extensively damaged fields may be 
more difficult to analyze and, hence, 
produce more disagreement. The sub- 
jects were ranked according to the 
mean sensitivity of their visual field. 
More extensively damaged fields 
would have lower mean sensitivity. 
When we correlated the mean sensi- 
tivity with the agreement among the 
observers for each of the subjects, 
there was no relationship (Spearman 
r= .031, P=.87), indicating that 
there was just as much disagreement 
about the subjects with small defects 
as there was about the subjects with 
extensive field loss. 

There was also no correlation 
between the number of visual fields 
available for each subject and the 
extent of agreement either for the 
human observers (Spearman 

= —.111, P = .28) or for the statis- 
tical models (Spearman r= .139, 
P = .23). 
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No. Ranking 


Human Observers 
— MMM 


improved Stable 





There are several theoretical objec- 
tions to the use of statistical models, 
such as the ¢ test or ANOVA, in 
perimetry. The paired t test, as per- 
formed on the OCTOPUS Delta Pro- 
gram, requires either eliminating 
some fields from consideration or 
averaging together fields done at dif- 
ferent times. The ANOVA removes 
this objection; however, both the t test 
and the ANOVA treat each test loca- 
tion as an independent variable in 
analyzing a single patients visual 
field. For both tests, this will produce 
a large number of degrees of freedom 
and inflate the significance level. In 
addition, adjacent test locations in the 
visual field probably do not act like 
independent variables. Neither test, 
as applied in this study, accounts for 
variability due to position of the test 
location in the field. 

Other objections can be raised to 
the use of the regression and trend- 
analysis models. These require reduc- 
tion of the entire visual field or a 
portion of the field to a single number. 
Significance in these tests will be 
greatly affected by the number of 
visual fields available. With less than 
five or six visual fields, the straight- 
line fit would have to be very close to 
reach significance. With a larger 
number of visual fields, larger 
amounts of scatter can be averaged to 
produce a significant straight-line fit. 
All forms of regression analysis are 
heavily dependent on the number of 
data points, and obtaining enough vis- 
ual fields to do the tests properly may 
take a considerable amount of time. 


Table 5.—Extent of Agreement 
(Concordance) Among Six Human 
Observers and Six Statistical Models 


No. of Subjects 
a Or 
Human Statistical 
Observers Models 


Concordance, 
No. (%) 
6/6 (100) 
5/6 (83) 
4/6 (67) 
3/6 (50) 

GAT”? 





*CAT indicates catastrophic disagreement; at 
least one observer said improved, and another said 
worse for same subject. 


Krakau” has shown that the phe- 
nomenon of regression toward the 
mean is also a problem when only a 
few visual fields are available for any 
patient and visual fields from one 
time period are compared with fields 
done subsequently using a linear 
regression model. 

These problems and the differences 
in the treatment of the data by each of 
the statistical models are reflected in 
Table 4. As with the human observers, 
the test most likely to decide that a 
visual field had changed, ie, the Delta 
Program performed on the entire 
visual field, was more than twice as 
likely to judge that a subjects’ field 
had changed as the linear regression 
analysis on the entire visual field, ie, 
the test least likely to judge change to 
be present. Agreement among the sta- 
tistical models was somewhat better 
than among the human observers (Ta- 
ble 5). Agreement by at least five of 
the six tests was achieved in 22 of the 
30 subjects, and there were no cata- 
strophic disagreements. As was the 
case with the human observers, there 
was no correlation between the extent 
of the visual field damage, as mea- 
sured by the mean sensitivity, and the 
agreement among the tests (Spear- 
man 7 = —.171, P = .37). 

While it is clear that the different 
statistical models currently in use 
give very different results when 
applied to the same subjects, the 
agreement among the statistical mod- 
els is better than among human 
observers. To realize the full potential 
of automated perimetry in managing 
patients with glaucoma, it will be 
necessary to achieve general agree- 
ment on a technique to determine 
whether or not the visual field is 
changing with time. This technique 
will undoubtedly require the assis- 
tance of a computer in performing 
statistical analysis of the visual fields 
and will require an adequate number 
of visual fields for analysis. 

This technique will also have to 
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take into consideration the nature of 
the data as it is produced by auto- 
mated perimeters, the nature of the 
human visual system, and the nature 
of behavior of the visual field in glau- 
coma. None ef the techniques now in 
use meets these criteria, and one is 
forced to comelude that there is no 
validated or generally accepted way to 
determine whether a patient’s visual 
field is getting worse. 

These results should not be inter- 
preted as an indictment of automated 
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perimetry in glaucoma. The problems 
in interpreting manual isopter perim- 
etry are probably much the same. In 
fact, Gramer and coworkers” showed 
that test-retest variability was great- 
er on the Goldmann perimeter than 
on the OCTOPUS. 

Lichter*! showed that there is a 
large variability among expert ob- 
servers in determining cup-disc ratio. 
This does not mean that the evalua- 
tion of the optic nerve is of no benefit 
in glaucoma. Our results should be 
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Vitrectomy for Macular Traction Caused by 


Incomplete Vitreous Separation 


William E. Smiddy, MD; Ronald G. Michels, MD; Bert M. Glaser, MD; Serge JeBustros, MD 


@ Pars plana vitrectomy was per- 
formed in 16 eyes to release vitreomacu- 
lar traction. All patients had a symptomat- 
ic preoperative decrease in visual acuity, 
most often to 20/200. Partial detachment 
of the posterior vitreous surface was 
associated with vitreoretinal attachment 
remaining in the area of the macula and 
sometimes to the optic nerve head. The 
posterior vitreous traction on the macula 
was released by tangential traction on the 
posterior vitreous surface, causing it to 
separate from the retina. The postopera- 
tive vision was the same or improved in 
each case. No operative complications 
occurred, but progressive nuclear sclero- 
sis developed postoperatively in five of 
the 15 phakic eyes. 

(Arch Ophthalmol 1988; 106:624-628) 


A vitreomacular traction syndrome 
has been recognized clinically'* 
and histopathologically.’ There is par- 
tial separation or detachment of the 
posterior vitreous surface with persis- 
tent vitreomacular adhesions that 
may be accompanied by cystic 
changes in the surrounding retina. 
Vitreomacular traction may cause 
decreased vision, metamorphopsia, 
photopsia, and micropsia. 

We treated 16 consecutive patients 
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Results of Vitrectamy in 16 Patients With Vitreomacular Traction 


Duration of Preoperative 
Patient/ Symptoms, Visual 
Age, y/Sex mo Acwity 


20/200 
20/50 
20/120 
20/300 
20/200 
20/70 
20/200 
20/100 
20/200 
20/300 
20/40 
20/50 
1/290 
20/30 
20/200 


2/72/F 
3/63/M 
4/67/M 
5/82/M 
6/60/F 
7/57/F 
8/65/F 
9/72/M 
10/74/F 
11/58/F 
12/64/F 
13/69/M 
14/47/F 
15/69/F 
16/75/F 


Anatomy * 


Lens, 
Preoperative/ Follow-up, 
Postoperativet mo 


Clear /tr 
Clear /IOL 
Clear / IOL 
20/30 Clear / clear 
20/100 tr/1+ 
20/200 IOL 

20/30 tr /IOL 
20/200 Clear / clear 
20/25 
20/70ł 
20/100ł 
20/40 
20/40 
20/400 
20/70 
20/200 


Postoperative 
Visual 
Acuity 


20/200 
20/40 
20/20 


Clear / clear 
tr/2+ 
Clear/1+ 
Clear /tr 
Clear / clear 
Clear / clear 
Clear / clear 
14+/1+ 





* Patterns of anatomic configuration: A, partial posterior vitreous detachment with residual macular and optic 
nerve head attachment; B, partial posterior vitreous detachment in one to three quadrants with persistent 
macular attachment; and C, partial posterior vitreous detachment with persistent, discrete anteroposterior 


strand attached to the center of the macula. 


tNuclear sclerosis lens opacities were graded as trace (tr), mild (1+), moderate (2+), and severe (3+ and 


4+). IOL indicates intraocular lens. 


Final postoperative visual acuity in patients with progressive lenticular nuclear sclerosis. The potential 
acuity meter readings were 20/25 and 20/50, respectively. 


with vitreomacular traction by per- 
forming pars plana vitrectomy to 
release the vitreous traction on the 
posterior retina. This repor- presents 
the results of this experience. 


PATIENTS AND METHODS 


Sixteen consecutive patients underwent 
vitrectomy to relieve vitreomacular trac- 
tion in an attempt to improve vision. Pre- 
operative historical features recorded 
included sex; age; and duration and charac- 


ter of symptoms and decreased vision. Pre- 
operative examination features recorded 
included Snellen visual acuity; the type and 
degree of any lens opacity; status of the 
fellow eye; and presence and degree of 
partial posterior vitreous detachment, spe- 
cific posterior vitreoretinal attachments, 
and secondary effects of traction, such as 
cystic changes in the macula. 

Operative features recorded included 
presence and extent of partial posterior 
vitreous detachment; evidence of direct 
vitreomacular traction; additional ana- 
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Fig 1.—Vitrecmacular traction in 58-year-old woman. Posterior cortical vitreous remains 
attached around optic nerve head, in macular area (arrowheads), and in zone between macula 
and nerve head. 





Fig 2.— Surgery for vitreomacular traction. Posterior vitreous surface surrounding posterior pole 
is cut to selieve anteroposterior vitreous traction on macula and optic nerve head. 


tomie features of the macula and/or 
vitreoret nal interface; and any complica- 
tions. 

Postoperative features recorded in- 
cluded progression, persistence, or im- 
provemernt of anatomic changes in the 
macula; ~isual acuity; status of the lens; 
and pesteperative complications. 


RESULTS 


Elevea patients were female and 
five were male. The average age at the 
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time of surgery was 66 years, with a 
range of 47 to 82 years. Preoperative 
symptoms were present in all eyes, 
and the main symptoms were 
decreased vision (13 cases), metamor- 
phopsia (two cases), and monocular 
diplopia (one case). The duration of 
preoperative symptoms was less than 
one month in three eyes, one month to 
six months in six eyes, and six months 
to one year in seven eyes. 


Preoperative visual acuity was 20/ 
100 to 20/300 in ten eyes, 20/80 to 


20/60 in four eyes. and 20/40 in one ~ 


eye. The crystalline lens was clear 
preoperatively in 11 eyes, and there 
was mild nuclear sclerosis in four 
eyes. One patient had undergone pre- 
vious cataract extraction with anteri- 
or chamber intraocular lens implan- 
tation. 

The fellow eye was normal, with 
visual acuity of 20/20 to 20/40, in 12 
cases. The other four fellow eyes 
included one with a mild epiretinal 
membrane and visual acuity of 20/40, 
one with a lamellar macular hole and 
visual acuity of 20/60, one with a 
toxoplasmosis macular scar and 
visual acuity of 20/400, and one with 
20/200 visual acuity because of dam- 
age from a choroidal effusion after 
intracapsular cataract extraction. 

Cystic changes in the macula were 
present in 12 eyes. These ranged from 
an isolated macular cyst to diffuse 
cystic changes with prominent retinal 
capillary leakage on fluorescein angi- 
ography. All eyes had a partial poste- 
rior vitreous detachment preopera- 
tively with persistent vitreomacular 
attachment. In twoæyes the posterior 
vitreous surface was thickened over 
the fovea and had the appearance of 
an epiretinal membrane. One patient 
(patient 1) had a small retinal hole 


slightly eccentric te the center of the — 


macula, as well as distortion of the 
surrounding retina. Patients with 
idiopathic traction retinal detach- 
ment caused by vitreous traction were 
excluded. 

Preoperative assessment of the 
vitreomacular anatomy was con- 
firmed intraoperatively by observa- 
tion with endeillwmination. Direct 
vitreomacular traction was demon- 
strated in all cases. Three types of 
vitreoretinal retations were encoun- 
tered (Table). The most common was a 
cemplete posterior vitreous detach- 
ment with remaining vitreoretinal 
attachment surrounding the macula 
and the optic nerve head (Fig 1). The 
area of vitreoretinal attachment in 
the region of themaeula varied from 1 
to 2 disc diameters surrounding the 
center of the fovea, and the vitreoreti- 
nal attachment to the optic nerve 
head was usually tothe margin of the 
disc or within 1 dise diameter of the 
disc (ten eyes). In four eyes there was 
a posterior vitreous detachment only 
temporally. The posterior vitreous 
detachment was present superior, 
inferior, and temporal to the macula 
in two eyes and only superior and 
temporal to the macula in two eyes. In 
the two remaining 2yes there was a 
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Fig 3.—Intraocular forceps are used to grasp and remove cortical vitreous from posterior pole. 
Cut edge of vitreous sheet is grasped, and tangential traction is applied to separate it from 


underlying retina. 


Fig 4.—Vitreoretinal pick is used to separate cortical vitreous sheet from postericr pole area. 
Vitreoretinal pick is introduced beneath cortical vitreous sheet between disc and macula. 





Tangential and anteroposterior traction is applied to separate vitreous from underlying retina. 


posterior vitreous detachment except 
for a thin anteroposterior strand 
remaining attached to the center of 
the macula. 

The posterior two thirds of the vit- 
reous gel was excised in each case, and 
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the elevated posterior vitreous sur- 
face was cut, thereby relieving antero- 
posterior vitreous traction and pre- 
venting further inadvertent traction 
on the macula (Fig 2). In three eyes 
the posterior vitreous surřace com- 


pletely separated from the macular 
area when gentle traction was applied 
to engage and cut the adjacent poste- 
rior vitreous surface. In the two cases 
with a single strand attached to the 
macula, the strands were firmly 
adherent and were cut and trimmed 
with the vitrectomy probe. In the 
remaining 11 eyes, a vitreoretinal 
pick, a tapered-tip needle attached to 
a flute handle, or intraocular forceps 
were used to engage the remaining 
posterior cortical vitreous and to peel 
it from the retina by applying tangen- 
tial traction. Usually we first 
attempted to separate the posterior 
vitreous by engaging it temporal to 
the macula with suction, using the 
tapered-tip needle or forceps (Fig 3). 
This was effective in seven eyes. In 
four cases (patients 1, 5, 11, and 14) 
this was not effective, and a vitreoret- 
inal pick was used to engage the corti- 
cal vitreous between the macula and 
the optic nerve head (Fig 4). The vitre- 
ous attachment to the optic nerve 
head is more firm, and this was used 
for countertraction when separating 
the posterior vitreous surface from 
the macula. In the 14 cases without 
single anteroposterior strands at- 
tached to the macula, the cortical 
vitreous readily separated from the 
macula without apparent damage to 
the retina. Sometimes attachments to 
the optic nerve head were firm, and 
the surrounding cortical vitreous was 
excised with the vitrectomy probe. No 
intraoperative complications oc- 
curred. 

Millipore filter preparations of the 
vitreous aspirates showed vitreous 
condensates in all eyes. There were 
fibrocellular membranes in 14 eyes 
and fragments of internal limiting 
membrane in nine eyes. In four eyes 
the thickened posterior vitreous sur- 
face was removed with forceps for 
study by transmission electron mi- 
croscopy. Both speeimens contained 
fibrocellular tissue. 

The appearance of the macula was 
improved postoperatively in each 
case. Symptoms of metamorphopsia 
and monocular diplopia improved in 
each patient. The postoperative visual 
acuity was 20/100 to 20/400 in seven 
eyes, 20/70 in two eyes, 20/40 in three 
eyes, and 20/30 to 20/20 in four eyes. 
The postoperative visual acuity was 
within one Snellen line of the preoper- 
ative level in six eyes, two or three 
lines better in six eyes, and four to 
seven lines better in four eyes. In two 
eyes with two and three lines of initial 
improvement, a cataract later devel- 
oped. Although the potential acuity 
meter reading may not be accurate in 
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Fig 5.—Vitreoretinal traction causing cystoid macular edema in 63-year-old man. Left, Red-free photograph. Posterior 





cartica! vitreous was attached at optic nerve head and also macular area (arrow). Right, Fluorescein angiogram shows 
leakage from perifoveal capillary bed and intraretinal edema in center of macula. 


patients with retinal abnormalities, 
the visual improvement before the 
occurrence of nuclear sclerosis corrob- 
orates its predicted potential for an 
additional five and four lines of 
improvement, respectively. An addi- 
tional patient (patient 16) had visual 
acuity c 20/200 and mild nuclear 
sclerosis preoperatively that did not 
progress. with preoperative and post- 
operative petential acuity meter read- 
ings of 28/60. Cataract extraction was 
not perfermed im these three eyes. 

Five (33%) of the 15 phakic eyes 
had oecarrence or progression of 
nuclear scleretic lens changes after 
surgery. Three patients (patients 2, 3, 
and 7) underwent successful extracap- 
sular cataractextraction with posteri- 
or cham ver intraocular lens implan- 
tation. Tiree other eyes (patients 10, 
11, and 6} had clinically significant 
lens opacities, including one eye with 
the same degree of preoperative 
nuclear sclresis. Three other eyes 
(patients 1, 5, amd 12) had only mild 
progression of preoperative nuclear 
scleresis that has not affected vision. 
There were no other postoperative 
complications. The follow-up interval 
ranged from six to 28 months (aver- 
age, 12 months). 


COMMENT 


Posterzor vitreous detachment usu- 
ally occurs because of aging changes 
in the vitreeus gel, characterized first 
by central liquefaction. When the pos- 
terior cortical vitreous begins to sepa- 
rate from the retina, this usually pro- 
gresses rapidly to complete separation 
posterier tc the equator. A complete 
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posterior vitreous detachment is usu- 
ally present by the seventh or eighth 
decade of life.’ For unknown reasons, 
this separation may be incomplete, 
which may result in persistent trac- 
tion on the posterior retina. Vitreo- 
macular traction has been postulated 
to play a causative role in aphakic 
cystoid macular edema,*’ central 
serous choroidopathy,* and the forma- 
tion of macular cysts or holes.!35°!%!7 

We have not observed vitreomacu- 
lar traction as a cause of central 
serous choroidopathy. The large 
majority of eyes with typical cystoid 
macular edema do not have vitreo- 
macular traction, although vitreo- 
macular traction can cause retinal 
vascular leakage with cystoid macular 
edema. In these cases, the amount of 
vascular leakage and fluid accumula- 
tion, as demonstrated by fluorescein 
angiography, is less than that in eyes 
with typical cystoid macular edema 
and comparable amounts of visual 
loss without vitreomacular traction 
(Fig 5). Eyes with an impending mac- 
ular hole typically do not have promi- 
nent traction from a partial posterior 
vitreous detachment, as seen in the 
cases in this series. However, tangen- 
tial traction on the center of the mac- 
ula from a subtle, low detachment of 
the surrounding cortical vitreous may 
play a role in formation of idiopathic 
macular holes.‘ 

The vitreomacular traction syn- 
drome has distinct clinical features!* 
that have been confirmed histopatho- 
logically.’ The posterior vitreous sur- 
face usually remains attached over an 
area of 1 to 2 disc diameters surround- 


ing the center of the macula, and most 
often it remains attached to the optic 
nerve head as well. Thus, the area of 
posterior vitreoretinal atachment of- 
ten has a “dumbbell” configuration. 
The two eyes in this series with thin, 
separate anteroposterior strands at- 
tached to the center of the macula 
were entirely different from the other 
cases. We cannot account for the 
occurrence of this anatomic finding, 
since the posterior vitreous surface is 
usually a distinct continuous sheet, 
whether or not a posterior vitreous 
detachment is present. 

Symptoms of the vitreomacular 
traction syndrome may be acute, but 
they were often subacute in our series. 
Features of direet vitreomacular 
adhesion and secondary retinal 
changes are best observed with slit- 
lamp biomicroscopy and a corneal 
contact lens. Cystie changes in the 
retina are probably secondary to pro- 
longed vitreous traetion. In two eyes, 
the posterior vitreous surface had the 
appearance of an epiretinal mem- 
brane, and transmission electron 
microscopy of the specimens from 
these cases showed fibrocellular tis- 
sue containing astrocytes. Therefore, 
vitreoretinal traction on the retina 
may be capable of eliciting a second- 
ary proliferation of ‘ibrous astrocytes 
from the retina. The incidence of 
spontaneous separation of the posteri- 
or vitreous and release of traction is 
unknown once symptoms of the typi- 
cal vitreoretinal traction syndrome 
occur. However, the cases in this 
series illustrate that the natural 
course can be one of progression and 
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substantial visual loss. 

The vitreomacular attachment was 
confirmed during vitrectomy in each 
of our cases, although the vitreous did 
not seem to be distinctly attached to 
the center of the macula except in the 
two eyes with solitary anteroposterior 
strands. The posterior cortical vitre- 
ous could be readily separated from 
the macula in 14 of the 16 eyes with 
the typical vitreomacular traction 
syndrome. Strands that were firmly 
attached to the center of the macula 
were cut with the vitrectomy probe in 
the two other cases. No apparent dam- 
age to the macula occurred during 
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removal of the posterior vitreous, 
even in cases with fibrocellalar tissue 
covering the macula. The anatomic 
appearance of the retina usually 
improved soon after surgery. 

No operative complications oc- 
curred. The 33% rate of postoperative 
progressive nuclear sclerosis is impor- 
tant, and this is consistenz with the 
rate of nuclear sclerosis after vitrec- 
tomy for macular pucker.” The 
cause of this postoperetive lens 
change is unknown. 

The visual results in our patients 
were encouraging. In mosz eyes the 
postoperative vision improved several 
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Snellen lines. Symptoms of metamor- 
phopsia and monocular diplopia also 
improved subjectively. The vision was 
not decreased in any patient, although 
cataract surgery was subsequently 
performed in two patients and may 
later be necessary in others. The 
vitreomacular traction syndrome is a 
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haps the functional results can be 
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gery to relieve the traction on the 
macula. 
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Idiopathic Senile Macular Hole 


J. Donald M. Gass, MD 


@ Evidence is presented that idiopath- 
ic senile macutar hole is caused by focal 
shrinkage of the vitreous cortex in the 
foveal area. The most reliable biomicro- 
scopic signs of impending hole formation 
(stage 1) are the development of a yellow 
spot or ring in the center of the fovea, 
loss of the foveal depression, and no 
evidence of separation of the vitreous 
from the foveal retina. Although in a 
majority of eyes with stage 1 changes 
there is a progression to hole formation, 
spontaneous separation of the vitreous 
without hole formation may occur in some 
cases (44%) amd cause characteristic 
biomicroscopic changes, including foveal 
reattachment, disappearance of the yel- 
low spot or ring. and, in some cases, a 
pseudo-opercuium, with one or more 
lamellar holes or facets. A prospective 
collaborative study is recommended to 
confirm these findings and to test the 
clinical value ef surgical peeling of the 
vitreous cortex in eyes with stage 1 
changes as a means of preventing hole 
formation. 

(Arch Ophthalmol 1988; 106:629-639) 


rese is general agreement that 

idiopathic senile macular hole is a 
disorder oecurring in predominantly 
healthy women who are in their sixth 
decade of life or beyond and who have 
normal refractive errors.’ The hole 
in the first eye is often fully developed 
when the patient discovers blurring 
and metamorphopsia on covering the 
opposite eye. The median visual acuity 
in the affected eye is 20/200. The 
typical biemicroscopic findings are 
that of a full-thickness, 0.33 disc 
diameter, round macular hole that is 
surrounded by a halo of retinal 
detachment and is often associated 
with an overlying operculum and mul- 
tiple yellow deposits at the level of the 
pigment epithelium within the hole. 
Only a few patients note symptoms 
during the early stages of this condi- 
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e+ Its Early Stages and Pathogenesis 


tion’s initial development. For this 
reason and because of the infrequency 
of development of a hole in the oppo- 
site eye, there is limited opportunity 
to witness the early stages of evolu- 
tion of the hole. Difficulties in per- 
forming a detailed examination of the 
foveal area also account for some of 
the disagreement concerning the 
anatomy of the earliest stages of a 
macular hole and its pathogene- 
gįjg.569-1! 

The purposes of the present report 
are (1) to describe and illustrate the 
stages of development of an idiopathic 
senile macular hole; (2) to present a 
new hypothesis concerning its patho- 
genesis; and (3) to formulate guide- 
lines for a feasibility study to deter- 
mine the value of vitreous surgery in 
the prevention of hole formation. Evi- 
dence will be presented that it usually 
begins as part of an abrupt prehole 
change at the vitreoretinal interface 
in eyes without evidence of posterior 
vitreous separation; that this change, 
particularly when it occurs in the 
opposite eye, is usually associated 
with visual symptoms, as well as char- 
acteristic biomicroscopic alterations 
that in most patients progress within 
several weeks or months to a macular 
hole; that some patients during the 
prehole stage may experience sponta- 
neous arrest of hole development and 
be left with characteristic biomicro- 
scopic findings that may be misinter- 
preted as evidence of impending hole 
formation; and that posterior vitreous 
separation is not present in most eyes 
after development of a macular hole 
and is usually not present in the oppo- 
site asymptomatic eye. 


PATIENTS AND MATERIALS 


Since the primary purpose of the present 
report is to describe the early stages and 
pathogenesis of idiopathic senile macular 
hole, no attempt was made to review the 
records of all patients (about 250) seen 
with this disorder. Instead, the records and 
photographs of 15 patients who were 
referred to me between 1966 and 1986 
because of onset of symptoms caused by 
prehole stages of development of a macular 
hole in one or both eyes were reviewed to 
illustrate the early stages of development 
of a macular hole (patients 1 through 15, 
Table). Follow-up information was avail- 
able in all cases (range, 11 to 240 months). 





The records and photographs of four addi- 
tional patients who were referred because 
of suspected impending macular hole for- 
mation were selected to illustrate changes 
indicative of arrested hole formation (pa- 
tients 16 through 19, Table). 

To obtain an approximation of the fre- 
quency of posterior vitreous detachment in 
these patients, the records of 34 patients 
with 40 fully developed macular holes in 
one or both eyes examined by me during 
the past four years were randomly selected 
and reviewed. | 

The classification of stages of develop- 
ment of idiopathic senile macular hole and 
the hypothesis concerning its pathogenesis 
presented in this repert are based on my 
observations in these 53 patients, as well as 
in all other patients seen with this disor- 
der. 

Histopathologic terms and their biomi- 
croscopic counterparts used in this report 
are defined below and are illustrated in 
Figs 1 and 2. 

Fovea.—The circular area of inner reti- 
nal depression approximately 1500 um in 
diameter in the central macular area. 

Foveola.—The central floor of the fovea 
measuring approximately 350 um in diam- 
eter. The concentration of xanthophyll is 
maximal in this area. l 

Posterior hyaloid membrane.—The thin 
layer of condensation of the vitreous cortex 
that only becomes evident biomicroscopi- 
cally after its separation from the retinal 
surface. 

Macular hole.—A full-thickness retinal 
hole involving primarily the foveolar area. 
In its fully developed state it measures 
approximately 500 um in diameter and is 
associated with a rim of sensory retinal 
detachment. 

Operculum.—A piece of retinal tissue 
torn free from the retina and adherent to 
the posterior hyaloid membrane. This may 
be either partial- or full-thickness retina. 
The term pseudo-operculum refers to a 
focal condensation of the vitreous cortex 
that is suspended on the detached posteri- 
or hyaloid membrane immediately in front 
of the intact foveolar retina (Fig 2). 

Posterior vitreous separation. —Posteri- 
or separation of the vitreous cortex from 
the optic disc and macula, determined 
biomicroscopically bydetection of the pos- 
terior hyaloid membrane containing the 
peripapillary vitreous condensation ring 
moving in front of the optic disce and 
macular areas. 

Vitreofoveal separation.—A separation 
of the posterior hyalcid membrane that is 
confined to the foveal retina only (Fig 2). It 
is evident biomicroscopically with a thin 
slit-lamp beam by virtue of the presence of 
either a focal condensation of the posterior 
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hyaloid membrane (pseudo-operculum) or 
an operculum suspended immediately 
anterior to the foveolar retinal surface. In 
the absence of a pseudo-operculum or oper- 
culum, biomicroscopic visualization of the 
translucent detached posterior hyaloid 
membrane may be difficult or impossible 
to detect when the detachment is confined 
to the foveal area. 


RESULTS 


The biomicroscopic appearance and 
fluorescein angiographic findings in 
the asymptomatic eye before the 
development of symptoms and early 
stages of macular hole formation were 
usually normal. There was no evi- 
dence of vitreofoveal separation. 
Since the average age of these 
patients was approximately 65 years 
when they developed a macular hole 
in the first eye, some drusen and mild 
glistening or wrinkling of the inner 
retinal surface caused by an epiretinal 
membrane were often present or 
developed in the opposite eye during 
the course of observation. Some 
patients showed evidence of an ar- 
rested macular hole: either a pseudo- 
operculum or an operculum with an 
inner lamellar hole in the second 
asymptomatic eye (see below). These 
latter changes were often misinter- 
preted by the referring physician as 
signs of impending macular hole for- 
mation. I have been unable to identify 
any foveolar alteration that is reliable 
in predicting a high risk of hole for- 
mation before the onset of symptoms 
or a decrease in visual acuity in the 
opposite eye. 


Stages of Development 
of Idiopathic Senile 
Macular Hole 


The stages of idiopathic senile mac- 
ular hole formation are diagrammati- 
cally depicted in Fig 1 and are illus- 
trated in Figs 3 through 9. 

Stage 1: Foveal Detachment.—The 
earliest biomicroscopic signs of im- 
pending macular hole formation were 
always observed in patients who pre- 
sented with a history of a recent mild 
decrease in visual acuity or metamor- 
phopsia, usually of an abrupt onset in 
the second affected eye. In one patient 
the decline in acuity in the opposite 
eye was noted on routine examination 
by the local physician. The visual acu- 
ity was typically in the 20/25 to 20/70 
range. The vitreous was clear and was 
attached. Examination with a thin 
slit-lamp beam of light disclosed a 
decreased or absent foveal depression, 
but no definite evidence of a retinal 
dehiscence. Depending on how soon 
the patient was examined after the 
onset of symptoms and the degree of 
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Patient 
No. 


1 


10 


12 


14 


15 


18 


19 


Race/ 
Sex/ 
Age, y 


W/F /66 


W/F /65 


W/F /67 


W/F /60 


W/F /69 


W/M/70 


W/F /66 


W/F /68 


W/F /67 


W/M/69 


W/F /63 


W/F /70 


W/F /67 


W/F /63 


W/F /87 


W/F /58 


W/M/55 


W/M/60 


W/F /68 


Eye 
OD 


OS 
OD 


OS 


OD 
OS 


OD 
OS 


OD 
OS 


OD 


OS 


OD 
OS 


OD 


OS 


OD 
OS 


OD 
OS 


OD 


OS 


OD 
OS 


OD 


OS 
OD 


OS 


OD 
OS 


OD 


OS 


OD 


OS 


OD 


OS 


OD 


OS 


Visual 
Acuity 


20/200 


20/70 
20/40 


20/300 


20/20 
20/25 


20/100 
20/20 


20/20 
20/ 100 


20/40 


20/80 


20/25 
20/200 


20/100 


20/20 


20/100 
20/25 


20/70 
15/200 


20/400 
(amblyopia) 
20/30 


20/50 
20/20 


20/20 


20/80 
20/20 


20/40 


20/30 
20/30 


20/200 


20/20 


20/25 


20/200 


20/80 


20/25 


20/70 


20/25 


Macular Status 
Stage 3 hole with 

operculum 
Stage 1-A 


Stage 1-A 


Stage 3 hole with 
operculum 

Normal 

Stage 1-A 

Stage 1-B 

Normal 


Normal 

Stage 1-B 

Lamellar hole 
with operculum 

Stage 1-B 

Stage 1-B 

Stage 3 hole with 
operculum 


Stage 1-B 


Normal 


Stage 1-B 
Normal 


Stage 1-B 
Stage 3 hole with 
operculum 


Normal 


Stage 1-B 


Stage 1-B 
Normal 


Normal 


Stage 1-B 


Normal 


Stage 2 hole 


Stage 1-B 
Lamellar hole 
with operculum 


Stage 3 hole with 
operculum 

Normal with 
pseudo- 
operculum 


Lamellar hole 
with operculum 


Stage 3 hole with 
operculum 


Lamellar hole 
with operculum 
Normal 


Stage 2 hole with 
operculum 

Normal with 
pseudo- 
operculum 


* VFS indicates vitreofoveal separation; PVS, posterior vitreous separation. 
tLast examination by local physician. Status not stated. 


Vitreous 
Status 


VFS 


VFS 
Attached 


VFS 


PVS 
Attached 


Attached 
Attached 


Attached 
Attached 


VFS 


VFS 


Attached 
VFS 


Attached 


Attached 


Attached 
Attached 


Attached 
VFS 


PVS 


Attached 


Attached 
Attached 


Attached 


Attached 
Attached 


Attached 


Attached 
VFS 


VFS 


Attached 


VFS 


VFS 


PVS 


Attached 


VFS 
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> Summary / of Patients Presenting ing 


Initial Findings 


-A 


+ 


=) 


cular Hole* 


STAC ai 





Interval 


Visual Acuity 


Outcome 


Macular Status 





Vitreous Status 











20/20 Stage 3 hole with operculum VFS 
20/200 Stage 3 hole with operculum VFS 
20/200 Stage 3 hole without VFS 
operculum 
20/200 Stage 3 hole with operculum VFS 
20/30 Normal Attached 
20/30 Normal with pseudo-operculum VFS 
+ a 20/70 Stage 3 or 4 hole att 
5 wk later, Blurred visien, visual acuity 20/200 Stage 3 or 4 hole 
20/60; stage 1-A 
20/20 Normal 
20/400 Stage 3 or 4 hole 
20/40 Lamellar hole with operculum VFS 
20/25 Lamellar hole with operculum VFS 
20/200 Stage 3 hole with operculum VFS 
20/200 Stage 3 hole with operculum VFS 
Took 3-5 y to complete 360° hole with 20/200 Stage 3 hole with operculum VFS 
operculum 
20/30 Drusen PVS 
20/300 Stage 3 hole with operculum VFS 
Cataract, OS 20/40 Normal PVS 
20/200 Stage 3 hole with operculum VFS 
20/200 Stage 3 hole with operculum VFS 
20/400 Normal PVS 
20/20 Normal with pseudo-operculum VFS 
be 20/50 Lamellar hole with operculum PVS 
7 mo later metamorphapsia; visual acuity CF Stage 3 hole with operculum VFS 
20/50; stage 1-A 
2 mo later noted scotema; visual acuity 20/30 Normal with pseudo-operculum VFS 
20/50; stage 1-B 
Visual acuity 20/80; stage 1-B 20/30 Normal with pseudo-operculum VFS 
1 mo later noted blurred vision; visual acuity 20/20 Normal VFS 
20 / 30; vision spontaneously improved; 
stage 1-B 
Visual acuity 20/60 20/200 Stage 2 large eccentric hole VFS 
20/30 Lamellar hole with operculum PVS 
20/30 Lamelar hole with operculum VFS 
“No change” wn ee | 
=. “dt SRS 2 ee eee ee ee ee ee ee 
+ “No change” E i ae 
20/30 mE. IN 
20/200 A: TE i 
20/40 Lamellar hole with operculum PVS 
72 mo later noted metamorphopsia; visual 20/30 Lamellar hole without PVS 
acuity 20/40; diagnesis by local physician operculum 
was ‘impending maeular hole” 
20/100 Stage 3 or 4 hole PVS 
>» 20/30 Normal with pseudo-operculum VFS 
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Stage 3: Hole Without Operculum 





Stage 4: Hole With Posterior Vitreous Separation 


Fig 1.—Diagram of presumed stages of developmen: of idiopathic senile macular hole. 


elevation of the retina, either a yellow 
spot 100 to 200 um in diameter (stage 
1-A, Figs 1 and 3) or a yellow ring 
approximately 200 to 350 um in diam- 
eter (stage 1-B, Figs 1, 4, 6, 8, and 9) 
was present in the foveolar area. Most 
patients had a yellow ring at the time 
of initial examination and the foveal 
retina was elevated to the level of, but 
not anterior to, surrounding retina. A 
few fine radiating retinal striae, seen 
= best by retroillumination, often sur- 
rounded the yellow ring. The yellow 
rim became progressively narrower 
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and slightly serrated as the ring 
enlarged, and the center appeared to 
be reddish. Fluorescein angiography 
in some cases was normal and in 
others showed a focal area of early, 
often faint, central hyperflaorescence, 
but no evidence of late staining in the 
area of the yellow spot or ring (Figs 3 
and 9). 

Stage 2: Early Hole Formation.—In 
the majority of patients the yellow 
ring enlarged and a full-thickness ret- 
inal dehiscence developed within sev- 
eral weeks or months (Figs 1, 4, 5, 6, 





and 8). In one patient (patient 2) the 
progression from stage 1 to stage 2 
required at least eight months. The 
initial break often oceurred eccentri- 
cally near one edge of the ring, and it 
enlarged in a can-opener fashion over 
a period of weeks or several months to 
form initially a crescent-shaped mac- 
ular hole, followed by a horseshoe- 
shaped hole, and finally by a round 
macular hole with an operculum 
attached to the posterior hyaloid sur- 
face immediately in front of the hole 
(Figs 1, 5, and 6). In one patient the 
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Ar-D: Large Lamellar Hole 





Fig 2—Pessible explanation for arrested macular hole development following vitreofoveal 
separation-daring stage 1. Ar-A indicates vitreofoveal separation; Ar-B, vitreofoveal separation 
with pseud®-aperculum; Ar-C, vitreofoveal separation with small lamellar hole and operculum; and 
Ar-D, vitreefoweal separation with larger lamellar hole and operculum. 


hole took more than three years to 
complete i&elf (Fig 6). In some cases 
the hole besan im two separate periph- 
eral arezs and fused to form a hole 
with an overculum. While the hole 
was enlargeng itself, several patients 
experieneee spontaneous partial vi- 
treofovee] separation. However, in 
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one patient this did not prevent fur- 
ther progression of the peripheral 
tear. In some cases the hole began 
centrally, and no evidence of an oper- 
culum became visible as the hole 
enlarged (Fig 1). Whether it began 
centrally or eccentrically, as the hole 
enlarged the yellow ring around it 





enlarged, became more gray, and 
appeared to coincide with the area of 
retinal detachment surrounding the 
hole (Figs 5 and 8). In some patients, 
round yellowish deposits developed on 
the surface of the pigment epithelium 
within the area of the hole and sur- 
rounding detached retina (Figs 1, 4, 5, 
and 7). These changed in number, size, 
and distribution from month to 
month. Patients usually experienced 
gradual loss of visual acuity as the 
hole enlarged. In many patients, how- 
ever, visual loss reached a maximum 
by the middle stages of hole develop- 
ment. Fluorescein angiography dis- 
closed focal early hyperfluorescence 
in the area correspending to the mac- 
ular hole (Fig 7). The fluorescence 
faded from view during the later 
phases of the angiogram. In some 
cases the nodular yellow deposits and 
operculum partly obstructed this fluo- 
rescence from view. Although the 
hyperfluorescence was generally more 
intense in the presence of an early 
stage 2 hole than in stage 1, the pres- 
ence or absence of focal fluorescence 
was not reliable in differentiating the 
two stages. In a few patients with a 
heavily pigmented choroid and pig- 
ment epithelium, no hyperfluores- 
cence was evident in the area of the 
hole. 

Stage 3: Fully Developed Macular Hole 
With Vitreofoveal Separation.— Al- 
though most macular holes usually 
became fully developed within three 
to six months, longer periods were 
required in some cases (Fig 6). The 
visual acuity was usually in the range 
of 20/70 to 20/400. In most cases the 
diameter of the hole was approxi- 
mately 500 wm, and there was an 
operculum suspended within the area 
of the hole (Figs 1, 3, 6, and 8). It was 
best seen under retroillumination, 
using a thin beam ef light in the slit 
lamp. The operculum oscillated slight- 
ly with eye movements and was pre- 
sumably suspended on the surface of 
the posterior hyaloid membrane, 
although detection of the translucent 
membrane around the edge of the 
operculum was frequently impossible. 
There was a presumption of varying 
degrees of vitreofoveal separation 
depending on the distance of the oper- 
culum from the front of the hole. This 
distance was seldom greater than 500 
um. In the absence of either an oper- 
culum or a focal condensation of the 
posterior hyaloid membrane, it was 
usually not possible biomicroscopi- 
cally to detect the translucent mem- 
brane bridging the macular hole. It 
was presumed to be there, however, 
because of the absence of biomicro- 
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Fig 3.—Patient 1. Left, Stage 1 foveolar retinal detachment and yellow spot (arrow) in left eye. Center, Angiogram of left eye 


showing faint hyperfluorescence (arrow). Right, Left eye 26 months later showing stage 3 macular hole with operculum 
(arrow). 








Fig 4.—Patient 9. Left, Right eye in December 1968 at stage 1-B. Note ring (arrow) that was yellow. Center, February 1969. 
Stage 2 eccentric small hole (arrow) beginning at 11-o'clock margin of foveola. Right, Stage 3 hole, September 1969. 


~ 





Fig 5.—Patient 4. Left eye developing stage 2 eccentric hole. Left, July 23, 1984, hole beginning at 3-o'clock edge of foveola 


(arrow). Center, Aug 27, 1984, hole extends clockwise from 1:30 to &o’clock positions. Right, Oct 19, 1984, hole extends 
from 1-o'clock to 8:30 positions. 
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scopic evidence of separation of the 
vitreous from the retina and optic 
disc. During subsequent follow-up, 
most patients with fully developed 
stage 3 macular holes did not show a 
progressonr of visual loss or enlarge- 
ment o7 the mm of retinal detach- 
ment. Changes that occurred over 








Gi . 





many months or years in some 
patients included drusen formation, 
wrinkling of the internal limiting 
membrane caused by epiretinal mem- 
brane contraction around the edge of 
the hole, and depigmentation of the 
pigment epithelium in the areas of the 
hole and surrounding rim of retinal 


es 


Fig 6.—Patient & right eye. Top left, May 18, 1966, stage 1B, foveal detachment with yellow ring 


(arrow). T right, Aug 15, 1967, stage 2 eccentric hole extending clockwise from 9- to 3-o’clock 
positions. White spot is artifact. Bottom left, Aug 2, 1968, stage 2 hole extending clockwise from 
7- te 5-0’ =0ek pesitions. Bottom right, August 1971, stage 3 hole with operculum (arrow). 
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detachment. A pigmented demarca- 
tion ring developed at the outer mar- 
gin of detachment in a few patients. 
These changes in tħe pigment epithe- 
lium were often mere evident angio- 
graphically than biomicroscopically. 
Posterior vitreous separation oc- 
curred in some patients, but most 
holes observed over several years or 
more did not progress to stage 4. 
Stage 4: Macular Hole With Posterior 
Vitreous Separation.—Only a minority 
of patients had evidence of a posterior 
vitreous separation from the optic 
disc and macula either at the time of 
initial detection of a macular hole or 
during follow-up (Fig 1). In most of 
these patients an operculum could be 
located biomicroscopically on the pos- 
terior surface of the anteriorly dis- 
placed mobile posterior hyaloid mem- 
brane by having the patient move his 
eyes in the vertical fields of gaze. 


Spontaneous Vitrecfoveal Separation 
During Stage 1 


Although most eyes with stage 1 
foveomacular detachment showed 
progression to a full-thickness macu- 
lar hole, eight (44% ) of 18 eyes experi- 
enced spontaneous separation of the 
vitreous from the fovea without for- 
mation of a full-thickness macular 
hole (Table, patients 3, 6, 11 through 
15; Figs 2 and 7 through 9). These 
patients usually experienced improve- 
ment in visual symptoms and acuity, 
and biomicroscopically showed a vari- 
ety of findings that included foveal 
reattachment in all cases. A frequent 
finding was a vitreofoveal opacity 
(pseudo-operculum) suspended in the 
posterior hyaloid face immediately in 
front of the normal foveolar retina 
(Fig 2, Ar-B). Two of these patients 
were aware of a small, slightly mobile 





Fig 7.—Patient 17. Left, Right eye with small inner lamellar macular hole (arrow) with operculum after vitreofoveal separation. 


Visual acuity was 20/30. Center, Left eye with stage 3 macular hole with operculum (arrow). Right, Left eye, fluorescein 


angiogram. 
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Fig 8.—Patient 14. Left, Dec 23, 1985, left eye, stage 2, early hole. Center, Jan 28, 1986, right eye, stage 1-B foveal 
detachment with yellow ring (arrow). Visual acuity was 20/30. Right, February 1987, right eye normal after vitreofoveal 


separation. Visual acuity was 20/20. 





Fig 9.—Patient 15. Left and center, Right eye, Stage 1-B foveal detachment with yellow ring (arrow) showing focal 
hyperfluorescence. White spot in inferotemporal macula (left) is artifact. Right, Right eye seven years later, showing irregular 
lamellar hole and epiretinal membrane. Patient had posterior vitreous separation and operculum. Visual acuity was 
20/30. 


scotoma when reading or when tested 
with the Amsler grid. In patient 14, 
after spontaneous improvement of 
visual acuity from 20/30 to 20/20, 
disappearance of the yellow ring, and 
reattachment of the foveolar retina, 
no pseudo-operculum was evident 
biomicroscopically on the separated 
posterior hyaloid membrane (Fig 2, 
Ar-A, and Fig 8). In some eyes foveal 
reattachment was associated with a 
lamellar dehiscence of the inner reti- 
na and operculum formation (Fig 2, 
Ar-C and Ar-D, and Figs 7 and 9). In 
several patients the dehiscence con- 
sisted of a tiny red foveolar facet that 
appeared identical to that seen after 
sungazing except for the absence of an 
operculum in the latter instance (Fig 
2, Ar-C, and Fig 7). The facet was 
eccentrically located in several cases. 
In some patients a larger, reddish, 
inner lamellar hole occurred and the 
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visual deficit was greater (Fig 2, Ar- 
D, and Fig 9). In patients with a 
lamellar hole, I have been unable to 
document either further visual loss or 
enlargement of the hole. All but one of 
the eight eyes with spontaneous vitre- 
ous separation (patient 12) had 
retained 20/30 or better visual acuity 
at the time of last examination. 

The only patient who had fluoresce- 
in angiography before and after spon- 
taneous vitreous foveal separation 
showed disappearance of the focal 
hyperfluorescence noted during 
stage 1. 


Incidence of Posterior 
Vitreous Separation 


Thirty-five (88%) of 40 randomly 
selected eyes with fully developed 
macular holes did not have posterior 
separation of the vitreous from the 
optic disc and macula. All were pre- 


sumed to have a slight separation of 
the vitreous in the vicinity of the hole 
because the operculum that was 
present in 30 of the 35 eyes without 
posterior vitreous separation was 
always present just im front of rather 
than within the plane of the macular 
hole. Three of the five eyes with poste- 
rior vitreous separation from the 
optic disc and macula had evidence of 
an operculum attached to the freely 
movable, anteriorly displaced posteri- 
or hyaloid membrane. Thus, an oper- 
culum was present in 33 (80%) of 40 
eyes with a macular hole. 

Of the 24 patients with unilateral 
fully developed macular holes, 19 had 
normal opposite eyes (16 without pos- 
terior vitreous separation), two had a 
stage 1 foveolar change, one had a 
stage 2 hole, and two had vitreofoveal 
separations with a pseudo-operculum. 
None of the latter five patients had a 
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Stage 1-A 


Stage 1-B 


Fig 10.—Possible redistribution of xanthophyll (stippling) as stage 1 hole progresses from 


foveolar to fovea! detachment of retina. 


posterior vitreous separation from the 
optie disc and macular region. 


COMMENT 


Factors previously implicated in the 
pathogenesis of idiopathic senile mac- 
ular hole imelude anterior traction by 
the vitreous,” ““* cystic retinal degen- 
eration,’ =+ systemic vascular dis- 
ease,”'' hommena! changes,’’ and dis- 
orders of the retinal pigment epitheli- 
um.'*'! Any theory concerning the 
pathegenesis should account for the 
following o»servations in the opposite 
eye: vitreo eweal separation confers 
immunity -e hole development; the 
developmert of a yellow foveolar spot 
or ring, loss of the foveal depression, 
radiating retinal stria, and absence of 
vitreofeyvea separation associated 
with recent loss of visual function are 
the most reliable-signs and symptoms 
of impendmg hele formation; most 
such eyes develop a full-thickness 
macular hole within several weeks or 
months; the hole frequently begins in 
the peripheral rather than central 
foveolar area; im most cases the fully 
developed hele is associated with an 
operculum and enly minimal evidence 
of vitreefeveal separation; and in 
some patients early spontaneous 
vitreefevea separation results in 
visual improvement, return of the 
foveal depression, and protection 
from future development of a full- 
thickness macular hole. The most 
plausible explanation for these obser- 
vations is that seme biologic change in 
the prefovea! vitreous cortex causes it 
to shrink, which in turn initially 
causes anterier traction detachment 
of the retina, first in the foveolar and 
then im the foveal area, and soon 
thereafter -auses tangential traction 
and foveolar hole-formation. Observa- 
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tions that suggest that this anteriorly 
directed tractional force is caused by 
shrinkage of the prefoveal vitreous 
cortex rather than by shrinkage of 
vitreous fibers extending to the vitre- 
ous base, as suggested by Avila et al, 
include the absence of biomicroscopic 
evidence of tenting of the foveolar 
retina anterior to the level of the 
surrounding retina; rarity of develop- 
ment of a horseshoe-shaped tear with 
an elevated flap in the fovea; and the 
infrequency of progressive posterior 
vitreous detachment following hole 
formation. Anteroposterior transvi- 
treal traction on the foveolar area 
caused either by condensation bands 
or by the incompletely detached pos- 
terior hyaloid can occasionally result 
in a macular hole. These patients 
present with biomicroscopic evidence 
of anterior displacement of the foveal 
retina by the vitreous into a volcano 
configuration, with prominent radiat- 
ing tractional retinal folds and angio- 
graphic evidence of retinal capillary 
leakage before hole formation.® This 
mechanism of macular traction 
detachment and hole formation, how- 
ever, is not the cause of the great 
majority of idiopathic senile macular 
holes.‘ 

Few reports have described the 
biomicroscopic changes that charac- 
terize the prehole stage of idiopathic 
senile macular hole. In 1979, I 
described a yellow spot in the fovea at 
the level of the outer retina in acutely 
symptomatic patients. The prehole 
lesion has been described more 
recently by McDonnell et al’ as a 
solitary macular cyst, by Morgan and 
Schatz”! as involutional macular thin- 
ning, and by me as a focal retinal 
detachment. It is unlikely that the 
yellow spot or ring is caused by a 


A. Surgical Peeling of Vitreous Cortex 


B. Perifoveolar Peeling and Amputation 
of Vitreous Cortex 


C. Segmentation of Vitreous Cortex 





Fig 11.—Possible surgical approaches to pre- 
vention of macular hole during stage 1. 


solitary retinal cyst. Anatomically the 
only space available for a centrally 
located cyst to form would be between 
the submicroscopic internal limiting 
membrane and the thin layer of radi- 
ating nerve fibers. The yellow color of 
the prehole lesion and its tendency to 
progress rapidly te a full-thickness 
hole would be difficult to explain on 
the basis of a cyst. Additionally, the 
prehole lesion does not appear biomi- 
croscopically to be a focal blisterlike 
elevation of the inner foveolar layer, 
but rather is a color change in the 
area of a localized partial loss of the 
foveolar depression. For these reasons 
it appears that the yellow lesion rep- 
resents a focal serous detachment of 
the retina, first in the foveolar and 
then in the foveal area. The yellow 
color is probably caused by greater 
visibility of the highly concentrated 
xanthophyll in the area of focal sepa- 
ration from the pigment epithelium. 
A similar yellow spot is frequently 
seen in the foveal center in patients 
with early retinal detachment caused 
by idiopathic central serous choriore- 
tinopathy, in aphakie patients with 
cystoid macular edema, and_ in 
patients during the first week after 
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visual loss caused by sungazing. In all 
of these instances it is probable that 
the yellow spot is caused by greater 
visibility of the xanthophyll in the 
presence of altered anatomy of the 
foveolar retina. As the foveolar reti- 
nal detachment (stage 1-A) pro- 
gresses to foveal retinal detachment 
(stage 1-B), the progressive stretching 
and thinning of the foveolar center 
may cause the redistribution of the 
xanthophyll into a ring configuration 
(Fig 10). This redistribution would 
explain the focal transmission of cho- 
roidal fluorescence that may be evi- 
dent angiographically during stage 1 
and that may no longer be evident 
after spontaneous vitreofoveal sepa- 
ration and foveal reattachment. 

Morgan and Schatz” used the term 
involutional macular thinning to 
describe the premacular hole lesion 
that they characterized biomicroscop- 
ically as being a focal red area of 
central depression of the slit-lamp 
beam, which in some cases was either 
surrounded by a yellow ring or by 
short, red, radiating lines. They also 
noted cystic changes in the adjacent 
retina in some cases. I cannot recon- 
cile their observation that the prehole 
lesion is depressed with observations 
by me and McDonnell et al’ that it is 
elevated. Although stage 1-B foveal 
detachment with a large-diameter 
yellow ring may have a reddish cen- 
ter, the inner retinal surface is ele- 
vated rather than depressed. Morgan 
and Schatz’! description of a sharply 
circumscribed focally depressed red 
lesion suggests an inner lamellar mac- 
ular hole rather than a lesion predis- 
posing to a full-thickness macular 
hole. Only 24% of the prehole eyes in 
their series and only 20% of those in 
the series of McDonnell and cowork- 
ers progressed to a hole. Unfortunate- 
ly, no information was provided as to 
whether variation in the appearance 
of the prehole lesion or the presence 
or absence of symptoms were impor- 
tant in determining which lesions pro- 
gressed to a hole. 

How can the low incidence of poste- 
rior vitreous separation from the 
optic disc and macula (12%) and the 
high incidence of operculated macular 
holes (75%) in the present retrospec- 
tive survey of 40 eyes with fully devel- 
oped macular holes be reconciled with 
the much higher incidence of posteri- 
or vitreous detachment and lower 
incidence of operculated holes previ- 
ously reported? In three studies, inci- 
dences of 82% '° and 100%’ of posteri- 
or vitreous separation from the optic 
disc and macula were reported. In two 
reports no information concerning the 
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incidence of opercula was given.” In 
one study the incidence was 20%.'° 
Some of the previously reperted series 
of macular holes probably were col- 
lected as part of a retrospective 
review of charts of patients examined 
by many different clinicm&ins whose 
skill at biomicroscopic examination of 
the fundi varied. Of importance, also, 
is the lack of a uniform definition and 
criteria for the diagnosis cf posterior 
vitreous separation. Some observers 
may classify an optically empty poste- 
rior vitreous or the presence of any 
sheetlike interface of the vitreous 
anterior to the retinal surzace as evi- 
dence of posterior vitreous separation. 
These latter findings may be caused 
by the presence of a large cystic zone 
of liquefaction of the posterior vitre- 
ous that frequently begins n later life 
in the premacular region. The anteri- 
or condensed interface of this cystic 
area of syneresis may be misinter- 
preted as the detached posterior hya- 
loid membrane. I believe that the 
diagnosis of a posterior vitreous sepa- 
ration is uncertain unless one of the 
following three findings cen be dem- 
onstrated biomicroscopica ly: (1) the 
sheetlike structure interpreted as the 
posterior hyaloid membrane lying 
anterior to the macula anc optic disc 
contains the ring or deformed ring of 
vitreous condensation that is evident 
after separation of the vitreous cortex 
from the edge of the optic merve head; 
(2) the sheetlike structure mterpreted 
as the posterior hyaloid membrane in 
front of the macula can be traced 
nasally to its site of attachment to the 
optic nerve head; or (3) in the case of a 
localized separation of the vitreous 
from the fovea, an operculum or pseu- 
do-operculum is evident on the poste- 
rior surface of the hyaloid membrane 
in front of the central macular region. 
The presence of both of these struc- 
tures is easily overlooked without a 
careful search of the prefoveolar area 
with a thin, slightly obliquely directed 
slit-lamp beam of light projected 
through a contact lens. My findings in 
regard to the vitreous status in 
patients with macular holes are more 
in keeping with those of Trempe and 
coworkers,’ who noted a 39% inci- 
dence of posterior vitreous separation 
in eyes with holes, a 60% incidence of 
operculated holes, and a 39% inci- 
dence of posterior vitreous separation 
in fellow eyes.” 

Although evidence suggests that 
focal shrinkage of the prefcveolar vit- 
reous cortex and tangential retinal 
traction are responsible for hole for- 
mation, two other possibiliczies should 
be considered. Shrinkage of a small 


fibrocellular membrane on the inner 
foveolar retinal surface rather than 
the cortex might be the culprit. This 
seems unlikely because of the infre- 
quency of evidence of an epiretinal 
membrane during stage 1, the appar- 
ent immunity to hole formation after 
posterior vitreous separation that is 
frequently followed by  epiretinal 
membrane formation, and the infre- 
quency with which macular holes 
have been observed to develop in eyes 
with epiretinal membrane. Focal 
shrinkage of the foveolar retina itself 
rather than the vitreous cortex is 
another possible explanation. This is 
also unlikely, however, because hole 
formation is occasionally aborted at 
stage 1 by spontaneous vitreous sepa- 
ration with return of normal function, 
and vitreofoveolar separation imparts 
immunity to subsequent hole forma- 
tion. While the evidence suggesting 
that a focal change in the prefoveolar 
vitreous cortex is the cause of the 
macular hole, the precise cause and 
nature of this vitreous change is not 
known. Its predominance among older 
female patients suggests a hormonal 
influence. Although some authors 
have implicated estrogenic therapy 
and hysterectomy in its pathogene- 
sis,’ others have failed to demon- 
strate a relationship.’ 

The high incidence of preservation 
of vitreomacular attachment in the 
affected, as well as the opposite, eye of 
patients with a macular hole suggests 
that these patients may have an 
abnormal adherence of the vitreous to 
the retinal surface.’? There is consid- 
erable variation in the reported inci- 
dence of posterior vitreous separation 
because of the differences in tech- 
niques employed in both clinical and 
laboratory studies of autopsy eyes. To 
ascertain the importance of vitreo- 
macular adherence in these patients, 
therefore, a controlled study using the 
same techniques of vitreous examina- 
tion, preferably by the same observ- 
ers, is required to compare the inci- 
dence of posterior vitreous detach- 
ment in patients with macular holes 
and in an age-, race-, and sex-matched 
group of patients with normal eyes. 

The reported incidences of a macu- 
lar hole developing in the opposite eye 
during the course of observation have 
been 2.5% ,' 3%," 4%," and 16%.” It is 
probable that a long-term prospective 
follow-up study will demonstrate that 
the risk for hole formation in the 
opposite eye is less than 10%. 

My experience suggests that a 
majority of eyes of patients who 
present with stage 1 foveal detach- 
ment will develop a macular hole 
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within several weeks or months, but 
perhaps as many as one third of 
patients will develop spontaneous 
vitreofaveal separation and foveal 
reattachment without full-thickness 
macular hole formation. In most of 
these latter eyes a pseudo-operculum, 
or an eperculum in those patients who 
sustain am inner lamellar macular 
hole, can be detected biomicroscopi- 
cally immediately in front of the fove- 
ola. In both imstances I have been 
unable te demonstrate subsequent 
progression to a full-thickness macu- 
lar hole. It is important, therefore, 
that the physician not misinterpret 
these biomicroscopic changes occur- 
ring after spontaneous vitreofoveal 
detachment as those predisposing the 
eye to macular hole formation. 

If my hypothesis concerning the 
pathogenesis and stages of develop- 
ment of idiopathic senile macular hole 
is eorrect, then theoretically either 
surgical peeling or partial peeling and 
segmentation ef the prefoveal vitre- 
ous cortex in eyes with stage 1 
changes might prevent macular hole 
formatien. Although the normal tight 
adherence of the vitreous to the 
fovea’ and the thinness of the foveo- 
lar region may preclude a successful 
result, the risk of hole formation is 
sufficiently high once symptoms and 
signs of stage 1 detachment have 
ocewrred that a feasibility study for 
surgical intervention should be con- 
sidered. Figure 11 diagrammatically 
illustrates possible surgical ap- 
proaches to relieve anterior and tan- 
gential traction on the surface of the 
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fovea by (1) peeling the condensed 
posterior vitreous cortex from the ret- 
inal surface; (2) circumfoveolar peel- 
ing and amputation of the posterior 
hyaloid membrane; (3) circumfoveolar 
segmentation of the posterior vitreous 
cortex; or a combination of 2 and 3. 
Option 1 offers the best chance of 
complete relief of traction but poses 
the greatest risk of intraoperative ret- 
inal hole formation. It is unlikely that 
a central core-type of vitrectomy that 
leaves the posterior vitreous cortex 
intact will prevent hole formation. 
Although I have described the fea- 
tures of those changes indicative of 
high risk for development of a macu- 
lar hole, there may be others that I 
have failed to detect. Those vitreous 
surgeons interested in undertaking a 
feasibility study should collaborate in 
establishing criteria for eyes at high 
risk of hole development and should 
do a prospective follow-up study to 
test the reliability of those criteria. 
The following guidelines for a feasi- 
bility study of a surgical approach to 
preventing macular hole formation 
seem appropriate. (1) Patients se- 
lected for the study should have a 
typical idiopathic senile macular hole 
in one eye. (2) They should have a 
recent onset of visual symptoms 
together with typical stage 1 vitreo- 
macular changes in the opposite eye. 
(3) The eye would be subjected to 
trans-pars plana surgical peeling, 
partial peeling, or segmentation of the 
prefoveal vitreous cortex. Since stage 
1 changes usually progress to stage 2 
hole formation within a matter of 
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several weeks or months after initial 
examination, scheduling for surgery 
should be expedited. The patient 
should ideally undergo a contact lens 
examination within 24 hours before 
surgery to make certain that neither 
early hole formation nor spontaneous 
vitreofoveal separation has occurred. 
Fluorescein angiography is not reli- 
able in distinguishing a stage 1 from 
an early stage 2 hole. Once a hole has 
appeared, surgery offers little hope of 
preserving visual function. Patients 
presenting with stage 1 involvement 
in one eye and a normal fellow eye 
probably should not be included 
because of the possibility of confusing 
this stage with some other cause of a 
yellow spot or ring in the foveolar 
area, because of the low risk of devel- 
opment of a hole in the other eye, and 
because of the uncertainty of the risk 
and value of the surgical procedure. 
For the latter two reasons patients 
with a macular hele in one eye who 
are asymptomatic in the other eye, 
regardless of the biomicroscopic 
changes, should not be considered for 
prophylactic surgery in the other eye. 
Patients with evidence of vitreomacu- 
lar traction caused either by incom- 
plete posterior vitreous separation or 
by transvitreal bands should not be 
included in this study. 
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Vitrectomy for Traumatic Retinal Incarceration 


Dennis P. Han, MD; William F. Mieler, MD; Gary W. Abrams, MD; George A. Williams, MD 


@ Traumatic retinal incarceration into a 
scleral wound may prevent successful 
surgical rehabilitation of eyes with severe 
posterior segment injury. We managed 15 
consecutive eyes with traumatic retinal 
incarceration and associated retinal 
detachment with vitrectomy techniques. 
We based our approach on the anteropos- 
terior location of the incarceration site 
and the amount of retina incarcerated into 
the wound. Despite successful anatomic 
reattachment in six of seven eyes with 
retinal incarceration posterior to the vor- 
tex vein ampullae, only two of seven eyes 
achieved visual acuity of 5/200 or better. 
In eyes with more peripheral retinal incar- 
ceration, anatomic reattachment was 
achieved in five of eight eyes and visual 
acuity of 5/200 or better was achieved 
in four eyes. Overall, a visual acuity of 
5/200 or better was achieved in six (40%) 
of 15 eyes with a minimum follow-up of six 
months. 

(Arch Ophthalmol 1988; 106:640-645) 


ere penetrating or blunt ocular 

trauma may result in laceration or 
rupture of the sclera and prolapse of 
vitreous, uvea, and retina into the 
scleral wound. Despite appropriate 
surgical management of prolapsed 
ocular tissues, large amounts of retina 
may remain incarcerated in the 
wound. Perforating injuries by high- 
velocity projectiles may also result in 
retinal incarceration because of drag- 
ging of the retina into a scleral exit 
wound. Traumatic retinal incarcera- 
tion may produce retinal detachment 
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that may be difficult to repair because 
of severe retinal traction toward the 
incarceration site.‘ 

Although a number of clinical 
series have reported success with pars 
plana vitrectomy in the repair of pen- 
etrating posterior segment injuries,*”? 
none has specifically described the 
overall management of retinal incar- 
ceration into a scleral wound. Conway 
and Michels® reported one case in 
which retinal incarceration was han- 
dled by scleral buckling of the incar- 
ceration site. Machemer and asso- 
ciates* described the technique of 
relaxing retinotomy to relieve trac- 
tion toward incarceration sites, and 
others** have described the use of 
retinal tacks to fixate the retina 
mechanically when large retinotomies 
are required. We present 15 consecu- 
tive cases of sharp penetrating, perfo- 
rating, or blunt ocular trauma associ- 
ated with traumatic retina! incarcera- 
tion and coexisting retinal detach- 
ment managed by pars plana vitrecto- 
my. Our surgical approach and our 
functional and anatomic results are 
described. 


PATIENTS AND METHODS 
Patients 


Between July 1983 and December 1986, 
we treated a consecutive series of 15 eyes 
that had sustained sharp penetrating, per- 
forating, or blunt ocular trauma that 
resulted in retinal detachment and retinal 
incarceration into a scleral wound. Only 
eyes with initial visual acuity of light 
perception or better were included in the 
series. None of the affected eyes retained 
an intraocular foreign body. The primary 
indication for vitrectomy was retinal 
detachment in all eyes; coexisting indica- 
tions included vitreous hemorrhage ob- 
scuring fundus view in 12 eyes and trau- 
matic cataract in three eyes. In addition, 
one eye sustained traumatic lens loss, vit- 
reous hemorrhage, and nonclearing hyphe- 


Table 1.—Classification of Traumatic 
Retinal Incarceration 


Class Description 


Posterior zone; region posterior to 
vortex vein ampullae 
Macular involvement; retina within 


2 disc diameters of fovea 
incarcerated into wound 

No macular involvement; no retina 
with 2 disc diameters of fovea 
incarcerated into wound 

Equatorial zone; region from vortex 
vein ampullae to ora serrata 

Anterior zone; region anterior to 
ora serrata 


ma with corneal blood staining. 

The diagnosis of retinal incarceration 
was established in all cases by the intra- 
operative visualization of retinal tissue 
incorporated into a scleral defect at the 
time of vitrectomy. We excluded all cases 
in which fibrovascular tissue was present 
at the area of retinal insertion into the 
wound to eliminate the possibility of fibro- 
vascular ingrowth causing retraction of 
retinal tissue toward the wound and giving 
the false appearance of retinal incarcera- 
tion. We defined the term incarceration 
site as that portion of the scleral wound 
into which the main body of incarcerated 
retina was incorporated. We intervened 
surgically within 14 days after the injury 
in nine eyes, but in six eyes intervention 
occurred later because of delays in referral 
or coexisting systemic medical problems. 


Classification System 


To facilitate analysis of this and perhaps 
future studies on traumatic retinal incar- 
ceration, we developed a classification sys- 
tem (Table 1) based on the anteroposterior 
location of the incarceration site. Such a 
classification system may be justified by 
differences in the types of ocular trauma, 
surgical approach, and visual prognosis 
associated with each of the various loca- 
tions of incarceration. This classification 
system encompassed all our cases, and no 
incarceration site involved more than one 
location category. For eyes with posterior- 
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Fig 1.—Equetoriai (class 2) retinal incarcera- 
tion managed by circumferential retinotomy. 
Large peripheral retinal defect is created as 
traction is reieved, allowing reattachment of 
retina with seleral buckling of retinotomy site 
and fluid-air exchange. Arrow indicates flow of 
fluid eut of subretinal space via separate 
drainage retimotomy. 


ly loeated imearceration sites, we classified 
our cases further on the basis of whether 
the retina w thim two disc diameters of the 
fovea was meluded in the incarceration 
site. 

Methods 


We attempted to repair both anterior 
and posteriar oeular wounds, except when 
manipulatioa to gain exposure to posterior 
wounds risked further prolapse of intra- 
ocular tisste. All patients underwent 
vitrectomy with the use of a three-port 
pars plana s7stem with an infusion cannu- 
la sutured in place and a separate light 
source. A sp it-fumction aspiration cutting 
vitrectomy iastrument was used to remove 
as much vitreous as possible. All vitreous 
from the incarceration site was removed to 
minimize sabsequent proliferation and 
traction. Epiretinal or subretinal mem- 
branes and attached posterior hyaloid 
were also removed. 

In most cases im which the incarceration 
site was located in the equatorial zone 
(class 2), a nadia! or circumferential exo- 
plant was sutured externally over the site 
in an attempt to-nelieve retinal traction. In 
these cases, E scleral buckling was thought 
to be insufficient to relieve retinal trac- 
tion, a circumferential relaxing retinotomy 
just pesterio~ toand around the margins of 
the incarceration site was performed to 
allow intraoperative reattachment (Fig 1). 
If the incarceration site was located in the 
posterior zore (elass 1) and if retinal trac- 
tion toward ‘he site remained after vitrec- 
tomy and membrane removal, we per- 
formed a réinetomy circumscribing the 
site of ineasceration (Fig 2) Unrelieved 
retinal tract on was demonstrated by the 
persistence cf large retinal folds after flu- 
id-air exchaage. When the incarceration 
site was loraced im the anterior zone (class 
3), a eircum erential relaxing retinotomy 
was performed im retina just posterior to 
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Fig 2.—Intraoperative appearance of posteri- 
or retinal incarceration (class 1) and severe 
retinal traction managed by circumscribing 
retinotomy. Resulting retinal defect is usually 
large. 


the incarceration site to allow reposition- 
ing of the displaced retina into a more 
posterior location against the retinal pig- 
ment epithelium. 

Relaxing retinotomies were performed 
as described by Machemer and associates.” 
Endodiathermy was placed to demareate 
the desired area of retinal incision and to 
obtain hemostasis. The retina was then cut 
with intraocular scissors or the vitrectomy 
cutter. The retinotomy was performed as 
close as possible to the incarceration site in 
small increments, thereby minimizing the 
size of the resulting retinal defect. In cases 
requiring large retinotomies in which 
apposition of retina to underlying retinal 
pigment epithelium could not be achieved 
by intraocular tamponade with gas or sili- 
cone oil, we inserted titanium retinal tacks 
in a previously described fashion” to fix 
the margins of the retinotomy to the 
underlying retinal pigment epithelium 
(Fig 3). The margins of the retinotomies 
were treated with confluent endophotoco- 
agulation. In 14 eyes, perfluoropropane 
(C,F,) gas diluted to 15% to 20% in room 
air was used for intraocular tamponade. In 
one eye silicone oil tamponade was used. 
An encircling scleral buckle was placed in 
all but four eyes. 

We defined functional success as (1) 
preoperative visual acuity of light percep- 
tion or hand motions improved to 5/200 or 
better or (2) improvement of two Snellen 
lines in those cases with preoperative 
Snellen visual acuity. Anatomic success 
was defined as suecessful reconstruction of 
the globe with reattachment of the retina. 
In all cases we obtained at least six months 
of follow-up. 


RESULTS 


The clinical presentations, func- 
tional and anatomic results, and 
causes of failure in our patients with 





Fig 3.—Intraoperative &pearance of posteri- 
or retinal incarceration «class 1) managed by 
circumscribing retinotorry with resultant large 
retinal defect. Retinal tacks are placed along 
edges of retinotomy te fix retina to retinal 
pigment epithelium. Las=r endophotocoagula- 
tion is performed along edges of retinotomy to 
create a chorioretinal adhesion. 


traumatic retinal necarceration are 
summarized in Table 2. Seven eyes 
had class 1 incarceration, seven eyes 
had class 2 incarceration, and one eye 
had class 3 incarceration. The mean 
duration between tae time of injury 
and vitrectomy was 19.5 days (range, 
zero to 121 days), and the mean fol- 
low-up after initia vitrectomy (ex- 
cluding one enucleated eye) was 10.5 
months (range, six Ð 21 months). The 
diagnosis of retinal ncarceration was 
detected by ophthelmoscopy in one 
eye, was suspected by ultrasonogra- 
phy in five eyes, anc was not detected 
until intraoperative visualization of 
the fundus was achieved during 
vitrectomy in nine eyes. Ten eyes 
underwent primary ~epair of the trau- 
matic wound before vitrectomy be- 
tween zero and three days after the 
injury. 

In eyes with class 1 incarceration 
(Table 2), six (86%) of seven eyes 
achieved anatomic success, but only 
two eyes (29%) acaieved functional 
success. In eyes witl class 2 incarcer- 
ation (Table 2), foar of seven eyes 
(57%) achieved boh anatomic and 
functional success. “he one eye with 
class 3 incarceration (case 15) 
achieved anatomic, but not functional, 
success. Overall, anacomic success was 
achieved in 11 (73%) of the 15 eyes, 
and functional success was achieved 
in six (40%) of the -5 eyes. Figures 4 
through 6 illustrate the results in 
three cases. Perforating pellet-gun 
injuries were associated with uni- 
formly poor funetioaal results (cases 
2, 4, and 6). 
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Visual Acuity 
aa Duration of 


Patient/Age, 

y/Sex/Eye Type of Injury 

Posterior scleral 
rupture (baseball 
bat) 

Perforation, corneal/ Light 
scleral (shotgun 
pellet) 


1/37/F/L 


2/26/M/R 


3/49/M/R Perforation, scleral/ Light 


scleral (nail) 

Perforation, scleral / 
scleral (shotgun 
pellet) 


4/20/M/L Light 


5/20/M/R 
scleral (metal 
fragment) 

Perforation, scleral/ 
scleral (air-rifle 
pellet) 


Nasal scleral rupture Light 


6/11/F/L Light 


7/32/M/L 


perception 


8/29/M/R_ Penetrating, scleral 5/200 


(pen tip) 


9/14/M/R Scleral rupture Light 
(blunt metal hook) perception 

10/27/F/R_  Corneoscleral Hand motion 
laceration, 8 mm 
(broken glass) 

11/26/M/L  Scleral laceration, Hand motion 
20 mm (knife) 

12/40/M/L  Scleral rupture Hand motion 
(tabletop) 

13/42/M/R Scleral rupture Bare light 
(television set) perception 

14/50/M/L Scleral rupture Light 
(thrown bottle) perception 


15/52/M/L  Scleral rupture Light 


(unknown blunt 
object) 





Preoperative Examination mo 


Hand motion 


perception 


perception 


perception 


Perforation, corneal/ Hand motion 


perception 


perception 


Initial 
Procedures * 


Eyes With Class 1a Retinal Incarceration 
20/300 10 Vx, Lx, SB(E) 


Last Follow-up, 


Vx, Lx, SB(E), 
retinotomy, tacks 


(5) 


Hand motion 


Eyes With Class 1b Retinal Incarceration 
Hand motion 9 Vx, SB(E) 


Hand motion Vx, Lx, SB(E) 


20/300 














Light Vx, SB(E), 
perception retinotomy 
Light Vx, Lx, retinotomy, 
perception tacks (10), 
silicone oil 
Eyes With Class 2 Retinal Incarceration 
20/30 8 Vx, Lx, SB(I) 
20/50 12 Vx, Lx, SB(I) 
20/300 11 Vx, Lx, SB(I) 
20/25 21 Vx, Lx, SB(I), 
retinotomy 
2/200 10 Vx, Lx, retinotomy 
Enucleated 2 Vx, tack (1) 
Hand motion 11 Vx, SB(I), PK, 
retinotomy,t 
tacks (4)t 


Eye With Class 3 Retinal Incarceration 
Hand motion 6 Vx, SB(I), 
retinotomy 


Anatomic Functional 
Success 


Success 


Reasen for Failure 
or Reduced Vision 


Macula incorporated into 
incarceration 


Macular damage at initial 
injury and traction toward 
incarceration site from 
surface proliferation 


Recurrent retinal detachment 
involving macula 

Macular damage at initial 
injury, fibrous proliferation 
into macula from 
incarceration site 


Maculer pucker 


Fibrovascular ingrowth from 
posterior exit wound 


Optic nerve damage at initial 
injury 





+ 

+ Traction on macula toward 
incarceration site 

Ea 


— Recurrent retina! detachment 


= Postoperative choroidal 
hemorrhage, globe atrophy 


p 


Previous leng-standing retinal 
detachment 


*Vx indicates vitrectomy; Lx, lensectomy; SB(I), scleral buckling of incarceration site; SB(E), prophylactic encircling scleral buckle; and PK, penetrating 


keratoplasty. 
tPerformed as a secondary procedure. 


The visual and anatomic outcome 
after each of the various surgical 
methods used are summarized in 
Table 3. The use of vitrectomy and 
scleral buckling alone was effective in 
achieving anatomic success in six 
(100% ) of six eyes and functional suc- 
cess in four (67% ) of the six eyes. The 
two eyes that did not achieve func- 
tional success had sustained class 1 
retinal incarceration and received 
prophylactic encircling scleral buck- 
ling. Functional failure in these eyes 
resulted from macular injury (case 4) 
and recurrent retinal detachment 
(case 3). 

Eyes requiring relaxing retinotomy 
had a lower functional success rate 
than the study group as a whole (Ta- 
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ble 3). Of the three eyes in class 1 that 
required relaxing retinotomy, two 
were anatomic successes but none 
regained functional vision. Of the 
three eyes in class 2 requiring circum- 
ferential relaxing retinotomy, ana- 
tomic success and functional vision 
were achieved in only one eye. In the 
eye with class 3 incarceration, relax- 
ing retinotomy helped to achieve ana- 
tomic but not functional success. 
Retinal tacking was helpful in 
achieving retinal reattachment in 
three eyes that required large retinot- 
omies (cases 2, 7, and 14). However, 
one of these eyes developed atrophia 
bulbi because of postoperative hypoto- 
ny. Retinal tacking was performed in 
a fourth eye (case 13) with 180° disin- 


sertion of the choroid from the ciliary 
body and a giant retinal tear, but it 
was not possible to fixate the torn 
retina to the underlying choroid and 
sclera. 

Of the 11 eyes that achieved ana- 
tomic success, five were noted intra- 
operatively to have subretinal hemor- 
rhage in the macula. However, eyes 
with submacular hemorrhage 
achieved a functional success rate 
comparable with that of eyes without 
such hemorrhage; three of five eyes 
with submacular hemorrhage 
achieved functional success as com- 
pared with three of six eyes that did 
not have submacular hemorrhage. 

After initial vitrectomy surgery, 
recurrent retinal detachment oc- 
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curred m five eyes; one developed 
massive fibrovescular ingrowth at a 
posterior exit wound (case 6), three 
developed proliferative vitreoretinop- 
athy (cases 3, 12, and 14), and one 
develeped a new inferior retinal tear 
and inferior retinal detachment with- 
out prcliferative vitreoretinopathy 
(case 5). Recetachment occurred with- 
in four menthe in all five eyes. A 
second vitrectomy was performed in 
the five eyes, resulting in retinal reat- 
tachmert in two eyes, one of which 
achievec functienal success. In two 
eyes (cases 3 amd 10), macular pucker 
without retmal detachment developed 
after previous vitrectomy surgery 
because of preretinal membrane for- 
mation. Repeated vitrectomy and 
membrane stripping in these two eyes 
resulted in visual improvement and 
functional sueeess. Of the five eyes 
with proliferative vitreoretinopathy 
causing either recurrent retinal 
detachment or macular pucker, only 
one hac had a relaxing retinotomy 
performed at the initial surgery. In 
four of these eyes, preretinal mem- 
branes eppeared to originate from the 
incarceration site. 


COMMENT 


In eyes with penetrating injuries, 
vitreeus hemorrhage, and retinal 
detachment. Meredith and Gordon? 
recently reported a successful retinal 
reattachment rate of 52% with the 
use of vitrectomy techniques. Other 
series desaribed successful retinal 
reattackment with vitrectomy tech- 
niques m 4% to 60% of eyes with 
posterior penetrating injuries and 
associated petinal detachment.'*!*!® 

Our series of 15 eyes with traumatic 
retinal mcarceration and concomitant 
retinal detachment constitutes a sub- 
set of traumatized eyes with an 
extremely poor visual prognosis. Such 
eyes have usually sustained large 
scleral lacerations extending far pos- 
teriorly prolapse of intraocular con- 
tents, ar-rfle or pellet-gun injuries, 
or blunt rupture of the globe, all char- 
acterist.es asseciated with an unfa- 
vorable visual outcome.'35!82728 Our 
anatem'e success rate, including re- 
operated or eyes, compares favorably 
with these of the previously men- 
tioned series. Although we were able 
to achive anatomic success in 11 
(73%) cf 1E eves, eyes with posterior 
zone incarceration (class 1) had a 
much peerer visual prognosis than the 
group as a whele, because of macular 
dysfunctior related to the injury. In 
eyes with cass la incarceration, mac- 
ular damage was sustained at the 
time of Injury, and in eyes with class 
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Fig 4.—Fundus photograph of left eye of patient 11, with equatorial zome (elass 2) incarceration, 
21 months after vitrectomy, scleral buckling (supporting incarceration site), circumferential 
relaxing retinotomy, and fluid-gas exchange. Note residual retinal fold and laser scars posterior to 
incarceration site and scleral buckle. Best corrected visual acuity is 20/25. 
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Fig 5.—Fundus photograph of left eye of patient 1, with posterior zore (class 1a) incarceration, 
demonstrates incorporation of macula into inferior fibrous scar ten months after vitrectomy, 
scleral buckling (encircling), and fluid-gas exchange without relaxing retinctomy. Superotemporal 
vessel (arrowhead) now extends below horizontal meridian. Best corrected visual acuity is 
20/300 eccentrically. 
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Fig 6.—Fundus photograph of right eye of patient 8, with equatorial zone (class 2) incarceration, 
eight months after vitrectomy, scleral buckling (supporting incarceration site), and fluid-gas 
exchange without relaxing retinotomy. Note incarceration site and localized retinal folds 
supported by scleral buckle. Best corrected visual acuity is 20/30. 


Table 3.—Success Rates by Type of Surgical Intervention in 
Traumatic Retinal Incarceration 


Procedure in Addition 
to Vitrectomy 


Success, No. (%) of Eyes 
Re Or reo" 
Anatomic Functional 





Encircling prophylactic scleral buckling alone 


Scleral buckling of incarceration site alone 


3/3 (100) 1/3 (33) 
3/3 (100) 3/3 (100) 








Scleral buckling alone (both types) 
Retinal tacking 
Relaxing retinotomy 


6/6 (100) 4/6 (67) 
2/4 (50) 0/4 (0) 
4/7 (57) 1/7 (14) 








Overall success rate 


lb inecarcerations, intraocular prolif- 
eration or fibrovascular ingrowth sec- 
ondarily affected the macula. In cases 
of equatorial zone incarceration (class 
2), anatomic reattachment was associ- 
ated with a much higher rate of func- 
tional success. 

Because only one eye in our study 
population had sustained an anterior 
(class 3) incarceration, we were 
unable to determine whether such a 
distinction was of prognostic signifi- 
cance. Nevertheless, we feel such a 
classification is useful, since the loca- 
tion of the incarceration in relation to 
the ora serrata may reflect the severi- 
ty of the injury and also influence the 
surgical approach. In addition, the 
location of retinal injury in relation to 
the ora serrata in an experimental 
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11/15 (73) 6/15 (40) 





rabbit model has been shown to influ- 
ence the development of retinal 
detachment after penetrating inju- 
ry.” 

Proliferative vitreoretinopathy is 
the major cause of redetachment after 
vitrectomy for retinal incarceration. 
Proliferative membranes developed in 
nearly all cases whether or not a 
relaxing retinotomy was performed. 
Because such proliferation near the 
incarceration site may contribute to 
redetachment, scleral buckling of the 
incarceration site may be beneficial 
for three reasons: (1) it relieves reti- 
nal traction toward the incarceration 
site caused by incorporation of retinal 
tissue into the wound; (2) it may coun- 
teract retinal detachment by redirect- 
ing the contractile forces produced by 


proliferative membranes”; and (3) in 
a related fashion, it may help to pre- 
vent recurrent proliferative mem- 
branes from pulling a retinotomy site 
open and causing redetachment. 

Our results indicate that vitrectomy 
and scleral buckling without retinoto- 
my may allow intraeperative retinal 
reattachment in many eyes with trau- 
matic retinal incarceration. In such 
cases, localized redundant folds in the 
retina around the incarceration site 
that do not extend into the posterior 
pole and are supported by a scleral 
buckle do not require relaxing retinot- 
omy to achieve permanent reattach- 
ment. Unfortunately, although anteri- 
or sites of incarceration are easily 
buckled, attempts to perform scleral 
buckling of posterior incarceration 
sites are technically difficult and risk 
incarceration of more retinal tissue 
into an unsutured posterior scleral 
wound. 

Because retinotomy sites may be 
reopened by proliferative membranes, 
we perform relaxing retinotomies 
only when retinal traction toward an 
incarceration site produces large reti- 
nal folds that prevent intraoperative 
flattening of the retina. In such cases, 
relaxing retinotomy may be the only 
way to relieve such traction and allow 
permanent reattachment. In eyes 
requiring large retinotomies, retinal 
tacking may be helpful in achieving 
retinal reattachment. However, our 
results indicate the limitations of ret- 
inal tacking in restoring functional 
vision in such eyes because of the 
extensive ocular damage sustained at 
the time of injury. 

Careful primary surgical repair 
may prevent or ameliorate retinal 
incarceration and its associated com- 
plications. Meticulous repositioning of 
prolapsed ocular tissue, including via- 
ble-appearing retina, will help reduce 
vitreous and retinal traction into the 
wound. 

The issue of prophylactic vitrecto- 
my or scleral buckling to prevent reti- 
nal detachment in injured eyes with 
retinal incarceration but without reti- 
nal detachment is not addressed by 
our study. Clinical and experimental 
evidence’?! suggests that vitrectomy 
may be beneficial in both penetrating 
and perforating injuries of the globe, 
many of which may be complicated by 
traumatic retinal incarceration. How- 
ever, the beneficial effect of vitrecto- 
my in such cases is more likely related 
to the elimination of a vitreous scaf- 
fold for fibrovascular proliferation 
than to the amelioration of retinal 
incarceration. 

The differences in visual outcome in 
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our cases reflect the varying types and 
degrees of damage sustained at the 
initial injury. However, for any 
chance cf visua! recovery in eyes with 
traumatc retinal incarceration, the 
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retina must be reattached. Our results 
indicate both the value and the limita- 
tions of vitrectomy and adjunctive 
techniques in the restoration of visual 
function in eyes with traumatic reti- 
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Hemorrhagic Peripheral Pigment Epithelial Disease 


William V. Delaney, Jr, MD; Paul F. Torrisi, MD; G. Robert Hampton, MD; Carol R. Seigart; Peter B. Hay 


@ Hemorrhage under the retinal pig- 
ment epithelium and neurosensory retina 
occurred in the temporal periphery of ten 
patients with aging macular degeneration 
and one patient with histoplasmosis syn- 
drome. The macula was not the source of 
bleeding. Peripheral subretinal neovascu- 
larization, commonly seen histopathologi- 
cally, may be the cause. The visual recov- 
ery was poor, and most patients failed to 
regain lost vision once peripheral hemor- 
rhage occurred. The differential diagnosis 
includes retinal detachment, uveal effu- 
sion, hemorrhagic retinoschisis, choroidal 
melanoma, and metastatic tumor. 

(Arch Ophthalmol 1988; 106:646-650) 


Hemorrhage is a well-known com- 

plication of age-related macular 
degeneration! and may occasionally 
be severe enough to precipitate acute 
glaucoma by collapsing the anterior 
chamber.? The macula has usually 
been the source of bleeding, and 
hypertension, cardiovascular disease, 
and anticoagulants have been sug- 
gested as factors.’ Massive hemor- 
rhage from disciform macular disease 
has been described as a problem in the 
differential diagnosis of ocular tu- 
mors.*? 

We describe 11 patients with hem- 
orrhage under the retinal pigment 
epithelium (RPE), and sometimes into 
the vitreous, where the source of the 
bleeding was peripheral pigment epi- 
thelial degeneration (PPED). 


REPORT OF CASES 


Case 1.—A 72-year-old man had a two- 
month history of loss of peripheral vision 
in his right eye. He had a 15-year history of 
diabetes mellitus controlled by insulin. 
Carotid and leg arterial bypass surgery 
had been done two years before, and he had 
a pacemaker. He took hydrochlorothiazide 
for hypertension. His visual acuity was 
light perception OD and 6/12 OS. Both eyes 
had hyperopic refractive errors. The 
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intraocular pressure was 19 mm Hg OD 
and 16 mm Hg OS. Superior visual field 
was limited in the right eye. The right 
vitreous was turbid, but elevation of the 
inferior and superior temporal retina could 
be seen. The elevated retina had a smooth 
contour. No diabetic retinopathy could be 
identified, and the retinal vessels were 
arteriosclerotic but normal. The elevated 
area could be indented slightly by scleral 
depression but did not transilluminate. 
The posterior margin of the elevation was 
3 disc diameters from the macula. Macular 
drusen were present. On ultrasound 
studies, the elevated retina in the right eye 
had subretinal reflections but no shadow- 
ing or excavation. The left eye had macular 
drusen, no diabetic retinopathy, and a 
small area of retinoschisis along the inferi- 
or temporal ora serrata. 

Two weeks later, the vitreous had 
cleared to reveal subretinal blood in the 
elevated area. Four weeks later, yellow 
residues of hemolyzed blood involved the 
posterior margin of the elevation. Over the 
next two years, the patient experienced a 
gradual improvement in the vision in his 
right eye, but he did not return until he 
noted vision in the left eye to be deteriorat- 
ing. He was found to have visual acuity of 
counting fingers OD and 6/18 OS. The 
retina was still elevated temporally in the 
right eye, but it was transparent, revealing 
RPE atrophy and pigment clumping in 
addition to a large tear in pigment epithe- 
lium (Fig 1, left). In the left eye the 
pigment epithelium and retina were ele- 
vated in a smooth contour in the temporal 
periphery, similar to the earlier appear- 
ance of the right eye. Subretinal blood was 
present on the surface of the elevated 
pigment epithelium (Fig 1, right). 

Case 2.— An 83-year-old woman had had 
blurred vision in her right eye for three 
months. She had undergone cataract sur- 
gery with placement of an anterior cham- 
ber lens in her right eye two years before, 
and she believed she had a cataract in the 
left eye. She had been treated for diabetes 
mellitus for 19 years and hypertension for 
three years. On arrival, her visual acuity 
was counting fingers at 1 m OD and 6/15 
OS. Her refractive error was hyperopic in 
both eyes. The intraocular pressure was 12 
mm Hg OD and 14 mm Hg OS. There were 
multiple crystalline drusen in the right 
macula. Subretinal blood and extensive 
chorioretinal degeneration in the temporal 
periphery were not accompanied by eleva- 
tion (Fig 2). The left eye had multiple 
macular drusen. Both eyes were free of 


CasE 3.—A 69-year-old woman had a 
two-year history of “wavy” vision in her 
left eye. She described normal color vision 
but distortion of objects viewed. She had 
had a mastectomy for a malignant neo- 
plasm in 1983 and was a heavy smoker. Her 
mother had had laser treatment for macu- 
lar disease. On examination, a +0.25 
sphere and +0.75 +0.75 X 82 gave her a 
visual acuity of 6/12 OD and 6/18 OS. The 
intraocular pressure was 14mm Hg OU. A 
central scotoma on the Amsler grid with 
the left eye was consistent with a serous 
detachment of the neurosensory retina in 
the macula. Subretinal blood was also 
present in the macula, and a large subreti- 
nal hemorrhage could be seen at the inferi- 
or equator without apparent communica- 
tion with the macula (Fig 3). 

CASE 4.—A 73-year-old woman, referred 
because of a 25-year history of diabetes 
mellitus, had no ocular symptoms. Bilater- 
al intracapsular cataract surgery had been 
done ten years earlier. Aside from some 
neuropathy and a fractured hip, her medi- 
cal history was unremarkable. Her mother 
had had cataracts and diabetes. Her visual 
acuity was 6/9 OD and 6/21 OS. Only a rare 
microaneurysm could be seen in the retina 
of the right eye, but extensive RPE degen- 
eration was present in the temporal 
periphery. Subretinal hemorrhage was 
present from the 8- to 10-o’clock positions 
from the equator to the ora serrata. The 
left eye had similar findings without hem- 
orrhage (Fig 4). 

Case 5.—A 72-year-old woman noted 
decreasing vision in her right eye one year 
before examination. Her ophthalmologist 
found her best visual acuity to be 6/18 OU 
and was concerned about a possible mela- 
noma in the right eye. The patient gave a 
history of treatment for emphysema and 
congestive heart failure for 16 years, 
requiring bronchodilaters, digitalis, and 
diuretics. Intraocular pressure was 18 mm 
Hg OU. Nuclear cataracts with pseudoex- 
foliation were present in each eye. The 
right macula had fine drusen. In the tem- 
poral periphery, extensive pigment epithe- 
lial degeneration was present with subreti- 
nal fibrosis, pigment clumping, and a 
2 X 3-dise diameter pigment epithelial 
detachment (Fig 5). Exudate was seen at 
the margin of the detachment. Transillu- 
mination and fluorescein angiography con- 
firmed the serous nature of the elevated 
area. The left eye had similar degeneration 
without the pigment epithelial detach- 
ment. 
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Fig 1.—Left, Right eye, patient 1. Note large rip of retinal pigment epithelium (arrows). Right, Left eye, patiert 1, with 
temporal elevation of retinal pigment epithelium and neurosensory retina (arrows). This occurred two years after ight eye 


symptoms. 


Case 6.—An 82-year-old woman was 
referred because of a mass in the inferior 
temporal quadrant of the left eye. The 
patient had seen an ophthalmologist on 
several occasions for hemorrhage in the 
same eye. The patient had a 20-year histo- 
ry of hypertensien and chronic bronchitis 
and a ene-year history of an undiagnosed 
abdominal mass. On arrival, her visual 
acuity was 6/12 OD and 6/24 OS. The 
intraocular pressure was 14 mm Hg OD 
and 12 mm Hg OS. There was circumpapil- 
lary atrophy of the RPE. Scalloped pig- 
mented scarrmg eould be seen in the 
periphery of all quadrants of the right eye. 
In the left, the vitreous was hazy and a 
posterier vitreous separation was present. 
Cireumpapillary RPE atrophy was 
present. The peripheral RPE was elevated 
parallel to the equator from the 3:15- 
o'clock meridian to the 5-o’clock meridian. 
There was subretinal blood on the eleva- 
tion (Fig 6). The elevation extended into 
the pars plana. No mass was visible on 
gonioscopy. 

Case 7.—A 53-year-old woman had a 
sudden onset of floaters and decreased 
vision in her left eye. She denied any 
previous ocular disease. On examination 
her visual aeuity was 6/6 OD and 6/30 OS. 
The intraocular pressure was 9 mm Hg OD 
and 6 mm Hg OS. Circumpapillary and 
peripheral searring in the right eye sug- 
gested a histoplasmosis syndrome. Intra- 
vitreal blood partially obscured peripheral 
scars and an elevated subretinal mass in 
the inferior temporal quadrant of the left 
eye. Ultrasonography confirmed the eleva- 
tion, and hollowing and excavation could 
be seen. She returned in two weeks with a 
visual acuityof hand motion OS. The mass 
was no longer seen on ultrasound studies, 
and the view was more obscured. The 
patient underwent vitrectomy. Cytologic 
examination of the nemoved vitreous dis- 
closed only hemosiderin. An elevated tem- 
poral area with subretinal blood seen at 
surgery (Fig 7) gradually flattened over a 
two-menth period, leaving white scars. 
Visual acuity inppreved to 6/12 OS. 
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Fig 2.—Right eye, patient 2. Extensive subretinal hemorrhage involves temporal periphery 
(arrows). 





Fig 3.—Left eye, patient 3. Subretinal blood (arrows) is present in inferior temporal quadrant. 
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Fig 4.—Right eye, patient 4, showing subreti- 
nal (arrows) and intravitreal blood. 


Fig 5.—Right eye, patient 5, showing tempo- 
ral peripheral elevation of retinal pigment epi- 
thelium. Rim of yellow hemolyzed blood is 
present (arrows). 


Fig 6.—Left eye, patient 6, showing black 
residue of subretinal hemorrhage (arrows) in 
inferior temporal quadrant. Appearance did 
not change in one year. 
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Fig 7.—Left eye, patient 7, after vitrectomy. 
Blood is present under retina and retinal 
pigment epithelium (arrows) in temporal 
periphery. 


Fig 8.—Right eye, patient 9. Retinal pigment 
epithelial detachmentsmall arrows) and sub- 
retinal hemorrhage (large arrow) over tempo- 
ral long posterior ciliary nerve. 


Fig 9.— Rip of retinal pigment epithelium supe- 
rior to disc (large arrews) in patient 11. Note 
nearby subretinal hemorrhage. Scroll of torn 
epithelium is toward disc (small arrows). 
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Case 8.—An 80-year-old man described 
having seen “cobwebs” and a “dark side” in 
his left eye for six days. He stated that his 
vision has been good in both eyes before 
the episode. Treatment for hypertension 
for 20 years had started when he developed 
heart disease. His visual acuity was 6/9 OD 
and counting fingers at 1 m OS. The right 
eye had scattered drusen in the macula and 
peripheral pigment proliferation. The view 
of the left retina was obscured by intravit- 
real blood, but a mottled, irregular eleva- 
tion under the retina in the midperiphery 
to the ora serrata extended from 3- to 
4:30-o’clock positions with an extension 
to the 6-o’clock position. On ultrasound 
studies, the elevation was hollow and did 
not shadow. Evaluation by another observ- 
er and follow-up without treatment sup- 
ported a diagnosis of PPED. 


Case 9.—A 71-year-old man with known 
aging macular degeneration was found to 
have a peripheral hemorrhage on routine 
examination. On examination here his 
visual acuity was 6/120 OD and 6/12 OS. 
Extensive RPE degeneration involved the 
right macula, the papillomacular retina, 
and the inferior temporal periphery. A 
2-disc diameter pigment epithelial detach- 
ment had subretinal hemorrhage adjacent 
to it (Fig 8). The other eye had PPED and 
many macular drusen but no pigment epi- 
thelial elevation. 


CasE 10.—An 84-year-old woman gave a 
three-day history of a “hairnet” appear- 
ance in her vision in the left eye. Her 
referring physician was concerned about 
the possibility of a melanoma. On exami- 
nation her visual acuity was 6/30 OD and 
6/120 OS. The right eye had many macular 
drusen and PPED. The interior of the left 
eye was partially obscured by intravitreal 
blood. A dark band of subpigment epitheli- 
al hemorrhage extended from the 2- to 
8-o’clock positions from the equator to the 
ora serrata with fingerlike extensions 
toward, but not reaching, the macula. No 
light passed through on transillumination. 
On ultrasound studies the elevated area 
showed rapid attenuation of sound with no 
hollowing or excavation. Over the next 
three months the intravitreal blood 
cleared and the subretinal blood gradually 
absorbed, leaving large patches of atrophy 
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and pigment. Vision improved to 6/12 OS. 
The right eye developed macular subreti- 
nal hemorrhage and visual acuity of 6/120. 
During the course of her ocular changes, 
she was found to have breast carcinoma. 

Case 11.—A 57-year-old woman had 
been under observation by her ophthalmol- 
ogist for one year. Four weeks before refer- 
ral, she noted a black spot in her field of 
vision and was found to have a hemor- 
rhage. On examination her visual acuity 
was 6/7.5 OD and 6/6 OS. Both eyes had 
multiple drusen and RPE disease in the 
macula. Superior to the left disc was a tear 
of the RPE with subretinal hemorrhage 
(Fig 9). 


COMMENT 


Subretinal neovascularization has 
been found in at least 34 different 
diseases.” The most common are 
aging macular degeneration and the 
histoplasmosis syndrome. Subretinal 
neovascularization, often seen in the 
macula, is also common in the retinal 
periphery on pathologic examina- 
tion. Hemorrhagic detachment of 
the peripheral RPE was attributed by 
Silva and Brockhurst'* to subretinal 
vascular nets. We agree with their 
opinion. Our patients probably had a 
rare complication of a well-known 
pathologic process. The pigment epi- 
thelium may contain natural barriers 
to inhibit ingrowth of vessels. New 
vessel penetration of intact RPE has 
been described, and therefore the 
occurrence in scarred areas is not 
surprising. 

In a study of autopsy eyes, Foos and 
Trese” found an association of cardio- 
vascular disease, diabetes mellitus, 
myocardial infarction, and stroke in 
patients with peripheral subretinal 
neovascularization. Hemorrhage un- 
der the pigment epithelium or neuro- 
sensory retina is uncommon in diabet- 
ic retinopathy and occlusive retinal 
vascular disease. We saw no evidence 
that retinal vessels were the source of 
the hemorrhage in our patients. 
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Distinguishing PPED from retinal 
detachment, choroidal melanoma, 
metastatic tumor, retinoschisis with 
hemorrhage, or uveal effusion can be 
difficult. Clinical experience with the 
disease is helpful. Other studies and 
our own indicate that both men and 
women are affected. Most have aging 
macular degeneration and are white, 
blue-eyed, elderly, and often hyper- 
opic, consistent with that diagnosis. 
The one patient with histoplasmosis 
syndrome suggests that other dis- 
eases that injure the RPE also predis- 
pose patients to PPED. The predilec- 
tion for the temporal periphery is 
unexplained. 

In patients 1 and 11, there were 
peripheral rips in the RPE (Figs 1, 
left, and 9). Whether the rips preceded 
the hemorrhage is unknown. If simi- 
lar rips were present in the other 
patients, they could not be seen. 
Swanson et al” described the difficul- 
ty in deciding whether such rips are 
the bursting effect of sudden hemor- 
rhage or the cause of the hemorrhage. 
Traboulsi and Jalkh'* reported intra- 
vitreal hemorrhage in a patient with 
such a rip. 

The visual prognosis in patients 
with PPED and hemorrhage is poor. 
Spontaneous resolution of the hemor- 
rhage occurs, but recovery of central 
vision, once impaired, is unlikely. A 
similar hemorrhagic episode in the 
second eye may occur (eg, patient 1) 
and may not be preventable. The value 
of preventing visual loss by photoco- 
agulation or cryotherapy in patients 
with documented peripheral subreti- 
nal neovascularization has not been 
determined. 

The greatest immediate risk for the 
patient is an incorrect diagnosis 
resulting in surgery, irradiation, or 
enucleation for suspected retinal 
detachment or choroidal melanoma. 
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Monozygotic Twins With Age-Related 


Macular Degeneration 


Sanford M. Meyers, MD, Andrea A. Zachary, PhD 


® This clinical study, to the best of our 
knowledge is the first report of severe 
age-related macular degeneration in both 
identical twins. documented as monozy- 
gotic by genetic testing. This suggests 
thet genetic fectors may be of primary 
imoortance in certain cases of age-re- 
lated macular cegeneration. 

Arch Ophthaimol 1988; 106:65 1-653) 


ee relaved macular degeneration 

(ARMD) s the major cause of 
severe visual loss in whites over age 65 
years.’ Despite extensive classifica- 
tim and epidemiologic studies, no 
deinitive cause of ARMD has yet 
been found (to our knowledge). Age- 
re.ated macular degeneration is most 
common in bime-eyed white patients 
aml is rare im black patients.'* This 
clmical study, to the best of our 
knowledge, is the first report of 
AEMD in a pair of identical twins 
doeumented by tissue typing as mono- 
zy zotic. 


REPORT OF CASES 


© ase L.—An 85-year-old white woman 
was first examined on Aug 3, 1987. The 
paent had hac excellent vision until ten 
years previously when she lost central 
(reading) vision in both eyes over a few 
manths. The patient had received no laser 
treatment. 

“he best corrected visual acuity was 
haad motions im the right eye and 20/400 
OS with +0.50 40.255 OD and —0.25 
+050 xX 5 OS. Examination of the anterior 
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segment revealed moderate nuclear sclero- 
sis in both eyes. The iris was gray in both 
eyes. The patient stated that when she was 
younger, both eyes had been hazel and her 
hair dark brown. Examination of the pos- 
terior segment of the right eye revealed 
extensive disciform degeneration with 
areas of subretinal fibrosis in the macula 
and posterior pole and subretinal hemor- 
rhage inferior to the inferior arcade (Fig 
1). In the left eye, there was atrophic 
macular degeneration (geographic atrophy 
of the retinal pigment epithelium and sen- 
sory retina) (Fig 1). The fluorescein angio- 
gram showed diffuse leakage in the right 
macula and hyperfluorescent staining in 
the left macula. 

The patient had been treated for hyper- 
tension since 1982 and for hypothyroidism 
since 1967, and had had a cholecystectomy 
in 1975. There was no history of skin 
cancer. 

The patient had lived her entire life in 
northeast Wisconsin. She stated that she 
had worked for 35 years as a salesperson in 
a department store where fluorescent 
lighting was present. She did not spend a 
lot of time outdoors in the summer. 

CasE 2.—An 85-year-old white woman, 
the identical twin of patient 1, was also 
first examined en Aug 3, 1987. The patient 
had had excellent vision until 13 years 
previously when she had lost central (read- 
ing) vision in both eyes over several 
months. The patient had received no laser 
treatment. 

The best corrected visual acuity was 
20/400 OU with a +1.50 sphere OD and a 
plano +2.25 X 85 OS. Examination of the 
anterior segment revealed moderate nucle- 
ar sclerosis in both eyes. The iris was gray 
in both eyes. The patient stated that when 
she was younger, both eyes had been hazel 
and her hair dark brown. Examination of 
the posterior segment revealed bilateral 
atrophic macular degeneration (geograph- 
ic atrophy of the macula, Fig 2). Addition- 
ally, in the left eye there was a retinal 
pigment epithelial detachment with sub- 
retinal hemorrhage temporally in the mid- 
periphery, an intraretinal hemorrhage 


near the superior arteriole, and a flat 
pigmented choroidal lesion nasal to the 
disc. The fluorescein angiogram showed 
hyperfluorescent staining in both macular 
areas. It was not possible to identify fluo- 
rescein leakage in the midperiphery tem- 
porally in the left eye because of insuffi- 
cient clarity of the angiogram frames in 
that area. 

Like her twin sister, the patient had 
been treated for hypertension since 1978 
and for hypothyroidism since 1970, and 
had had a cholecystectomy in 1962. There 
was no history of skin cancer. 

The patient had lived her entire life in 
northeast Wisconsin. She had been a 
schoolteacher for 35 years but stated with 
assurance that no fluorescent lighting was 
used in the small rural school building 
where she had worked. She did not spend a 
lot of time outdoors in the summer. 

Both twins had similar diets, activities, 
and hobbies. At home, they both used 
incandescent lighting. 

The twins looked “like two peas from the 
same pod.” Both twins had identical phe- 
notypes for the following genetic systems: 
red blood cell markers—MNSs (NSs), ABO 
(A,), Rh (CeDe), Kell (Kk), Duffy (Fyab), 
Kidd (Jkb), and HLA markers—(A2, B40, 
B51, Cw3). The calculated probability that 
these twins are monozygotic is 99.4% using 
Bayes’ theorem. 

The family history reveals that all nine 
children (aged 51 to 62 years; Fig 3) of the 
twins had eye examinations performed 
during the last six months. They all had 
20/20 visual acuity OU and no changes of 
ARMD were seen in any of them, according 
to the examiners. One of us (S.M.M.) exam- 
ined one of the twins’ children (aged 59 
years) and reviewed fundus photographs of 
another (aged 57 years) and did not 
observe any changes of ARMD, including 
drusen. The other children were examined 
by other ophthalmologists and optome- 
trists. The family pedigree (Fig 3) reveals 
that, by history, some of the twins’ siblings 
and their mother had poor reading vision 
late in life, but the ocular history of the 
twins’ grandparents, cousins, aunts, and 


Macular Degeneration—Meyers & Zachary 651 


4 & 
Oe 





3 
4 
E 
A 


E NEA TAE 


;' 
aade tab cube! 


fs 


ae Sale eet Wa ae 


tiei- 





Fig 1.—Case 1. Fundus photographs show subretinal fibrosis in right macula (left) and geographic atrophy in left macula 


(right). 





Fig 2.—Case 2. Fundus photographs show geographic atrophy of macula in right eye (left) and left eye (right) and intraretinal 


hemorrhage near superior arteriole in left eye. 
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Z Deceased 
E @ Severe ARMD 
[C] © Not Examined, Good Vision by History 


® Not Examined, Poor Vision When Older by History 
(©) Recently Examined, ARMD Changes Not Observed 


Fig 3.—Family pedigree. Probands are identified by arrows and Roman numerals refer to 
generations of family. Arabic numerals refer to present ages (in years) of living subjects or to 
ages of deceased subjects. Severe age-related macular degeneration (ARMD) refers to loss of 
central vision due to ARMD. 
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uncles is not known. According to the 
twins, their mother lost reading vision in 
her 70s but had good side vision and was 
told by an ophthalmologist that surgery 
would not improve the vision. Additional- 
ly, according to the twins, the affected 
siblings were told by their ophthalmolo- 
gists that they had macular degeneration 
as the cause of poor central vision. We 
contacted the ophthalmologist who saw 
the one living affected sibling with poor 
vision. The ophthalmologist stated that the 
patient had ARMD and was last examined 
in December 1986. At that time, the visual 
acuity was 20/100 OD and 2/200 OS with 
disciform degeneration and subretinal 
hemorrhage in the right macula and exten- 
sive atrophy of the left macula. We were 
able to confirm from ophthalmologists 
that two of the three deceased affected 
siblings had ARMD with both disciform 
degeneration and atrophic maculopathy as 
the cause of poor central vision before 
death. We were not able to find the oph- 
thalmologist who examined the other 
deceased affected sibling. 

To estimate the relative probabilities of 
dominant and recessive inheritance, we 
have made the assumption for the purpose 
of analysis that ARMD in this family was 


Macular Degeneration—Meyers & Zachary 





genetically transmitted and that the genes 
were considered to be fully penetrant after 
age 60 years. Two of the twins’ siblings 
were excluded since they died at ages 49 
years and 2] years. We calculated the 
conditional probability of observing five 
(twims considered as one individual) sibs 
affected by ARMD of the ten sibs, given 
dominant inheritance and one parent het- 
erozygous for the disease gene and the 
other homozygous normal. Similarly, the 
conditienal prebability of making these 
observations assuming recessive inheri- 
tance with beth parents carriers was 
determined. Thederivation of these proba- 
bilities is shown as follows: P (domi- 
nant) = 10!/5! 5! (1/2)! = .2461. P (reces- 
sive = 10!/5! 5! (1/4) (3/4) = .0584. The 
relative probahility of dominant inheri- 
tanee ts then 0.2461/0.3045 = 80.8%. 

If we consider the possibility of recessive 
inheritance with one parent affected and 
the other a carrier, then dominant and 
recessive inheritance are equally likely. If 
the disease geme is uncommon, however, 
this situation is unlikely. The nine off- 
spring of the affected twins were found not 
to be affected. However, since this disease 
usually manifests itself after age 60 years, 
only tweof these offspring (III-1 and III-2) 
are old enough for consideration. Inclusion 
of these two subjects in the analysis 
reduces the relative probability of domi- 
nance to 51.3%, assuming the father of 
these offspring was not a carrier. 


COMMENT 


This family pedigree containing the 
monozygotic twins provides a unique 
oppertunity to evaluate the impor- 
tance of genetic factors in ARMD. 
This study deeuments the presence of 
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severe ARMD with poor vision in both 
eyes of monozygotic twins. The twins 
lost central vision in both eyes within 
three years of each other. As in our 
cases, severe visual loss in ARMD 
usually results from complications of 
neovascular membranes and less com- 
monly from geographic atrophy of the 
macula.'*°* The bilaterality in both 
twins and the interocular difference 
in the severity and clinical stages of 
ARMD in case 1 are consistent with 
the natural history of ARMD as 
reported by others.!?°’ 

There is one report of “identical- 
looking twins” with ARMD compli- 
cated by neovascular membranes in 
both twins.’ However, no genetic tests 
or other analyses were reported in 
this study to support the presumed 
monozygosity. 

Reports from previous investiga- 
tors have provided evidence for a 
genetic basis for macular degenera- 
tion. Gass' has hypothesized that 
familial drusen and ARMD are the 
same disease that in many cases has 
an autosomal dominant pattern of 
inheritance. This theory supports the 
findings of Pearce’ whose family 
studies indicated that the honeycomb 
retinal degeneration of Doyne' (fa- 
milial drusen) is an autosomal domi- 
nant disease with variable age of 
onset. In the study by Pearce’ of 76 
affected individuals, five had poor 
central vision and were under age 50 
years, 27 had poor central vision and 
were over age 50 years, and 44 had 
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retinal changes and 20/40 or better 
visual acuity bilaterally (16 were over 
age 50 years, 28 were under age 50 
years). In contrast, in our study, all 
affected patients had a late age of 
onset (over age 60 years). Additional- 
ly, Hyman et al! have used case- 
control and population-based studies 
to identify potential risk factors in 
ARMD. These associated risk factors 
included a positive family history as 
well as several systemic and environ- 
mental factors.'' In this study, one 
cannot determine the importance of 
nongenetic factors in the pathogene- 
sis of ARMD, although both twins had 
similar diets and environments except 
that one twin had fluorescent lighting 
at work for many years while the 
other did not. 

This family with monozygotic twins 
and ARMD suggests that genetic fac- 
tors may be of primary importance in 
some cases of ARMD. Further family 
studies are needed to determine how 
frequently ARMD is determined by a 
simple genetic pattern. We hope that 
this report will stimulate others to 
undertake such investigations. 


A. G. Steinberg, PhD, reviewed the manu-. 


script. 

Nancy Burgard illustrated the family pedigree. 
Deborah Ross, Roberta Abram, and Geraldine 
Daley took the photographs. 


Drs Karl Schwiesow, W. S. Jones, Robert Ran- — 


dolph, Arthur Garcia, Mark Schinderle, Timothy 
Pease, and Dennis Brindley performed recent eye 
examinations on the twins’ children and sib- 
lings. 

Alice Smierciak typed the manuscript. 


tical twins with subretinal neovascularization 
complicating senile macular degeneration. Oph- 
thalmic Surg 1985;16:648-651. 

9. Pearce WG: Doyne’s honeycomb retinal 
degeneration: Clinical and genetic features. Br J 
Ophthalmol 1968;52:73-78. 

10. Doyne RW: Peculiar condition of choroidi- 
tis occurring in several members of the same 
family. Trans Ophthalmol Soc UK 1899;19:71. 

11. Hyman LG, Lilienfeld AM, Ferris FL, et al: 
Senile macular degeneration: A case control 
study. Am J Epidemiol 1983;118:213-227. | 


Macular Degeneration—Meyers & Zachary 653 





. 4 
eas N 


Optic Neuropathy in Chronic Lymphocytic Leukemia 


Jon N. Currie, FRACP; Simmons Lessell, MD; Irma M. Lessell, MD; Jayne S. Weiss, MD; 


Daniel M. Albert, MD; Elizabeth M. Benson, FRCPathA 


@ Ophthalmic and neurologic involve- 
ment in chronic lymphocytic leukemia is 
uncommon, and if it does occur, it is 
usually only late in the course of the 
disease. We report three cases in which 
progressive visual loss from optic nerve 
infiltration was an early clinical manifesta- 
tion of chronic lymphocytic leukemia. Pro- 
gressive optic atrophy with loss of acuity 
and visual field occurred in all cases, 
preceded in one patient by transient 
visual obscurations and disc edema. Sur- 
face marker studies of cerebrospinal fluid 
lymphocytes were useful in differenti- 
ating leukemic optic nerve infiltration 
from other causes of optic nerve damage. 
Optic nerve irradiation gave consider- 
able clinical improvement in all three 
cases. 

(Arch Ophthalmol 1988; 106:654-660) 


payprtpalmuc and neurologic involve- 
ment in chronic lymphocytic leu- 
kemia (CLL) is uncommon, and, 
should it occur, it is usually only late 
in the course of the disease.'’ Visual 
loss from optic nerve involvement in 
CLL is almost unknown. We report 
three cases in which progressive 
visual loss from optic nerve infiltra- 
tion was an early clinical manifesta- 


Accepted for publication Aug 19, 1987. 

From the Neuroophthalmology Section, Na- 
tional Eye Institute, National Institutes of 
Health, Bethesda, Md (Dr Currie); Mental Health 
Research Institute, Victoria, Australia (Dr Cur- 
rie); Massachusetts Eye and Ear Infirmary, Bos- 
ton (Drs S. Lessell, Weiss, and Albert); Lahey 
Clinic, Burlington, Mass (Dr I. Lessell); and 
Departments of Pathology and Immunology and 
Medicine, Monash University, Victoria (Dr Ben- 
son). 

Reprint requests to Mental Health Research 
Institute of Victoria, Private Bag No. 3, Park- 
ville, Victoria 3052, Australia (Dr Currie). 


654 Arch Ophthalmol—Vol 106, May 1988 


tion of CLL. The diagnosis was made 
clinically in all three patients and was 
confirmed histologically in one. Tran- 
sient visual obscurations and disc ede- 
ma were the first indications of optic 
nerve involvement in one patient. 
Optic nerve irradiation gave consider- 
able clinical improvement in all three 
cases. 


REPORT OF CASES 


Case 1.—A 45-year-old asymptomatic 
woman was discovered to have a hemoglo- 
bin level of 109 g/L (10.9 g/dL) and a white 
blood cell (WBC) count of 12.0 X 10°/L 
(12000/mm') (58% small mature lympho- 
cytes) on her annual medical evaluation in 
1970. The results of physical examination 
were unremarkable. She remaimed asymp- 
tomatic despite persistence of the hemato- 
logic abnormalities until October 1981, 
when she began to have transient visual 
obscurations in the right eye. 

On examination, the right disc was 
edematous. Apart from an enlarged blind 
spot in that eye, her visual fields, acuity, 
pupils, and color vision were normal. The 
right optic nerve was diffusely enlarged on 
a computed tomographic (CT) scan (Fig 1). 
An optic nerve sheath meningioma was 
thought the most likely diagnosis; a second 
neuro-ophthalmie consultant who exam- 
ined the patient agreed with this conclu- 
sion. Shortly thereafter she noticed colored 
photisms from the right eye, and within a 
month she had developed an afferent 
pupillary defect and visual field constric- 
tion in the right eye. Visual acuity and 
color vision remained normal. 

In April 1982 her anemia worsened. Her 
bone marrow was found to be diffusely 
infiltrated by small, fairly mature lympho- 
cytes, leading to a diagnosis of CLL. By 
June 1982 she had splenomegaly, and 
dyschromatopsia and further visual field 
constriction were documented in the right 
eye. Thereafter she noticed failing acuity 


in the right eye and an intermittent scoto- 
ma in the left. In August 1982 transient 
visual obscurations started in the left eye. 
Acuity was then 20/30 OD and remained 
20/15 OS. The right visual field showed 
both generalized constriction and paracen- 
tral scotomas; the left blind spot was now 
enlarged. Both optic discs were edematous 
(Fig 2), and a CT scan showed that both 
optic nerves were enlarged (Fig 3). Fluo- 
rescein angiography demonstrated late 
leakage of dye from both optic discs. 
Results of neurologic examination were 
normal, but the cerebrospinal fluid (CSF) 
contained 25 lymphocytes per cubic milli- 
meter. The CSF pressure and contents 
were otherwise normal. 

Treatment with systemic corticosteroids 
was begun, and over the next two months 
there was improvement in visual acuity 
and cessation of the transient obscurations 
of vision. By October 1982, visual acuity 
was 20/20 OD and 20/15 OS, with normal 
color vision and diminution of the disc 
edema, but the CSF still contained 25 
lymphocytes per cubic millimeter. When 
the corticosteroid dose was reduced, the 
patient again noticed a decline in visual 
acuity in the right eye and intermittent 
appearance of the scotoma in the left. The 
visual field in the right eye had become 
further constricted (Fig 4), and the disc 
edema had worsened in both eyes. Within a 
few weeks, transient visual obscurations 
began again in the left eye, and visual 
acuity in the right continued to decline. 

The patient was admitted to hospital in 
January 1983. Visual acuity was 20/50 OD 
and 20/20 OS, with bilateral disc edema. 
Neurologic findings were normal, and 
splenomegaly persisted. The hemoglobin 
level was 93 g/L (9.3 g/dL), the WBC count 
had risen to 35.0 X 10°/L (85 000/mm‘), and 
the platelet count was 208 X 10°/L 
(208 x 10°/mm?). The CSF showed normal 
pressure and protein and glucose levels but 
contained 34 WBCs per cubic millimeter 
(94% lymphocytes, 6% monocytes). She 
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was treatec with optic nerve irradiation, 
receiving 30 Gy (3000 rad) in ten fractions 
over a period ef 15 days via lateral parallel 
opposed portals from a 4-MeV linear accel- 
erator. Within days of completing radia- 
tion therapy she noticed improvement in 
her vision. Seuity was now 20/30 OD and 
20/20 OS, with mormal color vision. The 
rignt visual field nad expanded (Fig 4). As 
her optic disc edema resolved, secondary 
optic atrophy supervened, and there were 
several hemerrvages at the posterior pole 
of the left eve. After February 1983 the 
patient’s visua! function remained stable. 
In June 1983 the hemoglobin level was 102 
g/L (10.2 g/dL); WBC count, 39.0 X 10°/L 
(39000/mm ); and platelet count, 
166 X 10°/L (156x 10’/mm?’). 

In October 1953 the patient struck her 
head in the bathtub. Several days later she 
became comatose. A subdural hematoma 
was discovered and evacuated, but the 
patient did nat recover consciousness and 
died on the 18t postoperative day. 

General Autopsy Findings.—The bone 
marrow was diffusely infiltrated by small, 
mature lynmhoið cells, and there was no 
evidence of acate blastic transformation. 
Megakaryocytes were increased in number, 
and other bioed elements were present in 
adequate amounts. All lymph nodes were 
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Fig 1.—Case 1. Postcontrast computed tomographic scan (October 1981) showing diffuse 
enlargement of right optic nerve with contrast enhancement. 





Fig 2.—Case 1. Fundus photographs. Left, October 1981; edematous right optic disc. Center, August 1982; eontinuing right 
disc edema with early optic atrophy. Right, August 1982; left disc edema with retinal folds. 





Fig 3 —Case 1. Computed tomographic scans (August 1982) after contrast in axial plane (left) and in coronal piane (right) 
shewing bilateral optic nerve enlargement. 
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Fig 4.—Case 1. Visual field in right eye before (left) and two weeks after (right) irradiation showing considerable expansion of 


field following therapy. 


diffusely infiltrated with leukemic cells, 
with loss of germinal centers. On immuno- 
peroxidase stains the tumor cells were 
positive for « light chains and IgM. Nearly 
every portal tract in the liver had leukemic 
infiltrates. The spleen contained promi- 
nent white pulp, with leukemic infiltrates 
composing approximately 50% of the 
splenic architecture. Leukemic infiltrates 
were found in most organs, including lung, 
kidney, and adrenal gland. The brain stem 
showed foci of lymphocytes suggestive of 
extravasated leukemic cells, and the 
meninges of both brain stem and spinal 
cord had focal leukemic infiltrations. 

Ocular Pathologic Findings.—Similar 
changes were present in both eyes, but 
they were more marked in the right eye. 
Gross examination revealed that the con- 
junctival and orbital tissues were unre- 
markable, as were the vitreous, retina, 
choroid, and sclera. The optics discs were 
pale. 

Microscopic examination revealed strik- 
ing changes in the optic nerves (Figs 5 
through 7). A homogeneous infiltration of 
small cells with prominent nuclei was 
present in a perivascular pattern. These 
were consistent with small, generally 
mature lymphocytes. These cells involved 
both the major vessels within the nerve 
and the smaller vessels located within the 
septa (Figs 6 and 7). The meninges and the 
subarachnoid space were infiltrated with 
similar cells. Both optic nerves were 
atrophic. The choroid contained similar 
mononuclear cells in a perivascular pat- 
tern, but no hemorrhages were noted in the 
choroid or retina of either eye. 

Surface phenotype examination demon- 
strated that the lymphocytes in the optic 
nerves and intracranial meninges were of 
monoclonal B-cell origin. 

A diagnosis of optic atrophy and CLL 
infiltration of the optic nerve, meninges, 
subarachnoid space, and choroid was 
made. 

Case 2.—A 76-year-old man was found to 
have a peripheral blood lymphocytosis on 
routine medical examination in 1982. The 
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Fig 5.— Low-power view of right cptic nerve and posterior globe. Note cellular infiltration of nerve 
and leukemic infiltrate in subarachnoid space (hematoxylin-eosin, X20). 


hemoglobin level was 121 g/L 12.1 g/dL), 
the WBC count was 24.8 X 10°/L (24800/ 
mm‘), with 88% small mature lympho- 
cytes, the platelet count was 293 x 10°/L 
(293 X 10'/mm'), and there was a mild 
hypogammaglobulinemia. He was asymp- 
tomatic, and results of general physical 
examination were unremarkable. A bone 
marrow biopsy specimen contamed numer- 
ous small mature lymphocytes and was 
consistent with the diagnosis ef CLL. For 
the next two years he remained asymptom- 
atic and without lymphadenopathy or 
splenomegaly. 

In February 1984, on a routime ophthal- 
mic examination, the visual acuity was 
found to have decreased from 20/25 to 
20/200 OS, which was attributed to macu- 
lar degeneration. In April 1984 the patient 


had what he believed was rapid loss of 
vision over several days in both eyes to the 
level of counting fingers only at 30 cm. 
Ophthalmic examination showed sluggish 
pupil responses to light, normal intraocu- 
lar pressure, and norma! fundus findings 
except for changes of mild to moderate 
macular degeneration in the left eye. The 
optic discs appeared normal. The hemoglo- 
bin level was 136 g/L (13.6 g/dL); WBC 
count, 24.0 X 10°/L (24 000/mm°), with 85% 
lymphocytes; and platelet count, 181 X 10°/ 
L (181 xX 10°/mm?). A CT scan was reported 
as normal, and there was no checkerboard 
pattern evoked visual response in either 
eye. The CSF was under normal pressure 
and contained 21 lymphocytes per cubic 
millimeter but normal glucose and protein 
levels. 
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High-dose prednisone therapy produced 
significant imprevement in visual acuity 
over three days-to 20/100 OD with the left 
eye unchanged: there was then slow contin- 
ued improvement in vision in both eyes for 
the next four weeks to 20/20 OD and 20/80 
OS. With subsequent tapering of the pred- 
nisome dose, visual acuity decreased to 
20/70 OD amd 20/400 OS but again 
improved with increased prednisone dose 
to 20/50°OD and 20/80 OS. 

Hewever, by December 1984, despite a 
maintenance dose of 15 mg of prednisone, 
the patient wes symptomatically worse 
and complained of decreasing environmen- 
tal brightness, absent sense of color, and 
increasing central scotomas in each eye. 
Visual acuity had fallen to 20/125 OU, and 
he had complete achromatopsia. Visual 
fields showed dense central scotomas with 
an additional inferior altitudinal hemiano- 
pia, worse in the left eye (Fig 8), and there 
was bilateral eptic atrophy also worse in 
the left eye. On general examination there 
were several emlarged axillary and ingui- 
nal lymph nodes but no splenomegaly. 
Visual acuity centinued to decline to 20/ 
200 OU by January 1985, and the central 
scotema in each eye enlarged. The hemo- 
globin level had fallen to 108 g/L (10.8 
g/dL), and the WBC count was 27.0 X 10°/L 
(27080/mm?‘), with 92% small mature lym- 
phoeytes, all « light chain. When measured 
on three occasions, the CSF was under 
normal pressure and contained 25, 15, and 
20 WBCs per eubic millimeter, 98% lym- 
phoeytes, with normal total protein and 
glucese levels but elevated IgG level of 0.13 
g/L (12.8 mg/dL) (normal, 0 to 0.04 g/L [0 
to 3.5 mg/dL]). The first CSF sample con- 
tained 70% «x Beells, and the third sample 
contained 30% « B cells and 70% Leu 
3-positive helper T cells. The CT scan 
showed slight thickening and irregularity 
of bath optic m=erves, more marked in the 
left eye (Fig % 

Beeause of the progressive deterioration 
in optic nerve function, the patient was 
given 24 Gy (2400 rad) of external beam 
irradiation to the orbital structures over 
two weeks. There was slight worsening of 
visual acuity during the first week of irra- 
diatien despite increased prednisone treat- 
ment, but by the end of the two-week 
course seme Improvement in acuity and 
visual field was apparent. This improve- 
ment then continued, and two months 
after completimg radiotherapy his visual 
acuity was 20/30 OD and 20/40 OS: there 
was partial return of color vision, good 
pupillary light responses, and remarkable 
imprevement in visual fields, with only a 
small relative central scotoma remaining 
in the left eye @Pig 8). 

Bilateral optie atrophy and macular 
degeneration im the left eye persisted. 
Three months after completing radiother- 
apy, the patient developed a generalized 
herpes zester infection, complicated by a 
myeloradiculopathy at the lower thoracic 
level, affecting the lower limbs. The limb 
weakmess and sensory loss only partially 
resolved over six months, but the visual 
function did net decline over this period. 

(Case 3.—A 67-year-old woman presented 
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Fig 7.—View of left optic nerve showing perivascular (v) distribution of leukemic cells 


(hematoxylin-eosin, X240). 


in 1974 with a history of one month of easy 
bruising. Examination showed widespread 
ecchymoses and petechiae, but the results 
were otherwise normal. The hemoglobin 
level was 117 g/L (11.7 g/dL); WBC count, 
147.0 X 10°/L (147000/mm?) (81% small 
mature lymphocytes); and platelet count, 
9X 10°/L (9X 10'/mm'). Bone marrow 
biopsy confirmed the diagnosis of CLL. 
Following initial therapy with prednisone 
and chlorambucil, her CLL was stabilized 
with low-dose chlorambucil therapy for 
the next six years to a WBC count between 
20.0 and 40.0 x 10°/L (20000 and 40000/ 
mm’) and then for a further six years 


without treatment. 

However, in April 1986 the patient com- 
plained of slowly progressive bilateral 
visual loss, and over the next six months 
her visual acuity declined to 20/40 OD and 
20/60 OS, with increasingly severe dys- 
chromatopsia, a left relative afferent 
pupillary defect, markedly constricted 
visual fields with loss of central isopters, 
and increasing bilateral optic atrophy, 
more marked in the left eye. A CT scan 
showed mild, diffuse thickening of both 
optic nerves. The CSF contained some 
small mature lymphocytes, with surface 
markers indicating a common origin with 
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Fig 8.—Case 2. Visual fields before and after irradiation showing marked improvement following therapy. 


the circulating leukemic cells. Coinciding 
with her visual loss, the patient’s WBC 
count rose from 35.0 X 10°/L (35000/mm’) 
in January 1986 to 105.0 X 10°/L (105 000/ 
mm?) in November 1986. Surface markers 
indicated a monoclonal « light chain B cell. 
General findings remained unremarkable. 

Treatment with chlorambucil and pred- 
nisone had reduced the patient’s WBC 
count to 20.0 X 10°/L (20000/mm‘*) by Feb- 
ruary 1987, but despite this her bilateral 
optic neuropathy progressed. In March 
1987 she therefore underwent a course of 
bilateral optic nerve irradiation (24 Gy 
[2400 rad] in six divided doses). Within two 
weeks of completing this course of radio- 
therapy her visual acuity had improved to 
20/25 OD and 20/30 OS, with greatly 
improved color vision and expansion of the 
visual fields and return of the central 
isopters. Although this visual improve- 
ment was then maintained, the patient’s 
general clinical condition rapidly deterio- 
Fig 9.—Case 2. Computed tomographic scan after contrast showing slight thickening and rated during May 1987, with increasing 
irregularity of both optic nerves, more marked on left. dyspnea, pulmonary consolidation and 
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effusiens, and general inanition. The 

patient died in May 1987, and permission 

for autopsy could not be obtained. 
COMMENT 


The acute forms of leukemia pre- 
dominate in mest surveys of the ocu- 
lar and central nervous system (CNS) 
complications of leukemia, ++ and 
there are few specific studies of CLL. 
Therefore, most of our knowledge of 
optic nerve disease and visual loss in 
CLL must be inferred frem these gen- 
eral studies involving all forms of 
leukemia. 

In all the leukemias, histologic 
infiltration in the eye and CNS is 
much more common than accompany- 
ing clinical manifestations," and 
this disparity appears particularly 
marked in CLL.*5 The most common 
ocular findings in both elinical and 
autopsy studies of leukemia are reti- 
nal hemorzhages and leukemic infil- 
tration of the choroid and retina.’ 
However, optic nerve involvement has 
been described both clinically? and 
histologically, >=>=s although almost 
exclusively in cases of acute leukemia, 
not CLL. Optic nerve involvement 
remains almost unknown as a cause of 
visual loss in CLL. This is perhaps 
surprising considering the distinctive 
tendency of the leukemias, especially 
CLL, to spread from the lepto- 
meninges via pial septae and perivas- 
cular spaces into the superficial layers 
of the brain and into cranial nerves 
from the perimeurium and endoneu- 
rium.‘ If optic nerve infiltration does 
occur in acute leukemia, the leukemic 
cells are characteristically most 
numerous in the meninges and 
peripheral portions of the nerve and 
then extend along the septae and 
aceumulate aeut the blood vessels 
within the optie nerve. This histologic 
picture is similar to that seen with 
CLL in our first patient (Figs 5 
through 7) but differs greatly from 
the one case of optic merve involve- 
ment and ©LL reported by Allen and 
Straatsma.' in which the CLL actually 
supervenec in a patient with lympho- 
Sarcoma. In that case there was 
destruction of optic nerve fibers and a 
sparse infiltration of bizarre neoplas- 
tic cells, while the septae were intact 
and unaffected. This probably re- 
sulted from invasion of the optic nerve 
by the lymphosarcoma, rather than 
by CLL 


The distribution of lesions in the 
optie nerves at postmortem examina- 
tion in our first patient helps to 
explain her imitial presentation with 
transient visual obscurations and uni- 
lateral dise edema and -suggests the 
mechanism fer progressive visual loss 
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in all three cases. Distention of the 
septae by leukemic cells could cause 
axonal compression, leading to im- 
pairment of axoplasmic flow and sub- 
sequent disc swelling.” Transient 
visual obscurations may occur in any 
form of disc swelling and probably 
reflect evanescent disc hypoperfusion 
in association with elevated tissue 
pressure in the optic nerve head.' 
Progressive loss of visual acuity 
developed in all of our patients, which 
would occur with continued infiltra- 
tion and expansion of the septae, first 
causing axonal compression sufficient 
to block nerve conduction and then 
continuing to demyelination or axonal 
degeneration.” 

Of the nine patients with acute leu- 
kemia and optic nerve infiltration 
described by Ridgway et al,’ seven had 
leukemic cells in the CSF at the time 
that optic nerve involvement was 
found, and the other two patients 
developed meningeal leukemia within 
one month.’ Our three patients had a 
CSF lymphocytosis when visual symp- 
toms began. In case 1 at postmortem 
examination there was infiltration of 
a monoclonal B cell in the optic nerves 
and meninges. Similarly in cases 2 
and 3, surface marker studies of the 
CSF lymphocytes indicated that their 
origin was the circulating leukemic B 
cell. In patients with lymphoma, CSF 
cell phenotype studies have been sug- 
gested as a useful technique for dis- 
tinguishing a postirradiation inflam- 
matory response or an intercurrent 
infectious meningitis from the ap- 
pearance or recurrence of the mono- 
clonal lymphoma cell line in the lep- 
tomeninges or CNS.” The results 
from our three cases suggest that this 
technique may also help in the diagno- 
sis of optic nerve or CNS involvement 
in CLL. 

Ocular and CNS involvement in leu- 
kemia usually occurs late in the 
course of the disease and generally 
signifies a poor prognosis.**'5 Howev- 
er, in all three of our patients the 
optic neuropathy was one of the first 
clinical manifestations of previously 
asymptomatic CLL, although the leu- 
kemia had been present for at least 11 
years (case 1), two years (case 2), and 
12 years (case 3). Nevertheless, in all 
our patients the development of optic 
neuropathy did appear to presage a 
clinical worsening of the CLL: patient 
1 had increasing anemia, lymphocyto- 
sis, and splenomegaly six months 
after the initial visual disturbances, 
patient 2 had increasing lymphade- 
nopathy, anemia, and complicated 
herpes zoster infection after six 
months, and patient 3 had a coinci- 





dent increase in WBC count and then 
death after 12 months. 

One explanation for the rapid clini- 
cal and hematologic deterioration 
after such long periods of stability 
might be the development of an acute 
blastic transformation, which is occa- 
sionally reported to occur in CLL.» 
There was no evidence of such an 
event in our cases. Two other factors 
that allegedly increase the risk of 
CNS involvement in CLL are throm- 
bocytopenia” and T-cell rather than 
B-cell leukemia.*”’ Thrombocytopenia 
may increase the risk of malignant 
“seeding” of the otherwise protected 
CNS. T-cell CLL is rare, accounting 
for less than 5% of all CLL, but in 
general it is a more aggressive form of 
the leukemia and carries a poor prog- 
nosis.” Symptomatic neurologic in- 
volvement, particularly leukemic 
meningitis, is reported in up to 12% of 
cases.” Neither of these factors was 
present in our cases; cell surface phe- 
notyping clearly indicated tumors of 
B-cell origin, thrombocytopenia was 
never recorded, even at the time of 
death in patient 1, and megakaryocyte 
morphologic features appeared nor- 
mal on all bone marrow examina- 
tions. 

When visual loss oceurs in the pres- 
ence of leukemia or lymphoma, sever- 
al other diagnostic possibilities need 
consideration before aggressive ther- 
apy is directed at the optic nerves. 
Infections of the CNS, such as herpes 
zoster, cryptococcosis, toxoplasmosis, 
and candidiasis, are more common in 
leukemic patients and may cause an 
optic neuropathy. Toxic effects of 
chemotherapeutic agents such as vin- 
cristine have been postulated as a 
cause of otherwise unexplained visual 
loss in leukemia,” and a potentiation 
of these toxic effects following radio- 
therapy has also been suggested.” 

As noted above, monoclonal typing 
of CSF lymphocytes may help in the 
difficult task of differentiating insidi- 
ous optic nerve infiltration from 
infectious or iatrogenic nerve dam- 
age.’ In other forms of leukemia, 
optic nerve infiltration usually causes 
slowly progressive visual loss, late in 
the course of the infiltration,'* 
although it may occasionally proceed 
rapidly to become irreversible.* Once 
visual loss due to optic nerve infiltra- 
tion begins, we believe that rapid and 
aggressive therapy is required, even 
in CLL, to restore nerve conduction in 
those fibers not yet degenerated, 
before widespread irreversible neuro- 
nal damage occurs.’ In all our patients 
significant improvement in visual 
acuity and expansion of the visual 
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fes field occurred following optic nerve Unfortunately, however, optic nerve 
j irradiation, although residual optic infiltration is usually only recognized 
= atrophy was present in each case. In after severe visual loss has super- 
= acute leukemia, radiotherapy, chemo- vened, by which time there is usually 
y therapy, or a combination of the two little or no recovery of vision with 
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have occasionally achieved some 
degree of visual recovery in patients 
with optic nerve involvement.*?°° 
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of optic nerve involvement are so rare 
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Epibulbar Fibroma of the Conjunctival Substantia Propria 


Frederick A. Jakobiec, MD; Evan Sacks, MD; Richard L. Lisman, MD; Wolf Krebs, DVM 


è A 39-year-old black woman had a 
12-year history of slowly progressive left 
temporal juxtalimbal conjunctival swell- 
ing. The lesion was freely movable over 
the surface of the globe and was believed 
to be situated within the substantia pro- 
pria. Histopathelogic evaluation of the 
excised tissue disclosed that it was a 
collagenous mass of lamellar architec- 
ture, with a hypocellular dispersion of 
mesenchymal cells and a scattering of 
capillaries in the absence of inflamma- 
tion. Electron microscopic examination 
revealed that tre lamellar arrangement 
had regular Ichular subdivisions com- 
posed of collagen fibers approximately 
50 nm in diameter. Compressed fibro- 
blasts occupied the peripheries of the 
lobules; the former exhibited abundant 
rough-surfaced endoplasmic reticulum 
and failed to elaborate basement mem- 
brane material. Delicate processes of the 
fibroblasts extended into the centers of 
the collagenous aggregates. To our 
knowledge, this is the first convincingly 
documented case of an acquired fibroma 
of the substantia propria of the epibulbar 
conjunctiva. The differential diagnosis in 
this case included related fibroblastic and 
simulating nonfibroblastic lesions. 

(Arch Ophthaimol 1988; 106:66 1-664) 


Amone tumors of the epibulbar sub- 
stantia prepria, a pure fibroma is 
probably the rarest.'* The constitu- 
ents of the substantia propria™ 
include fibroblasts; vascular and lym- 
phatic endothelium and pericytes well 
known to produce neoplasms, includ- 
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ing Kaposi’s sarcoma’ and hemangi- 
opericytoma'; neural cells capable of 
producing neurofibromas and granu- 
lar cell tumors that are presumed 
to derive from a modified Schwann 
cell'*'*: lymphoeytes that can lead to 
hyperplasias im the form of salmon 
patches”; and rare blue nevi as a 
consequence ef melanocytes that 
incompletely migrate from the neural 
crest to remain in the substantia pro- 
pria. Ordinary nevus cells may also 
occupy the substantia propria after 
dropping off from intraepithelial 
junctional nests. In this article, we 
report a case of an acquired epibulbar 
fibroma arising within the substantia 
propria, rather than from deeper con- 
nective-tissue planes, and provide a 
differential diagnosis of other tumors 
featuring fibreblasts, including: the 
scarred sequela of an earlier inflam- 
mation. 


REPORT OF A CASE 


A 39-year-old black woman was referred 
with a 12-year history of a progressive, 
nonfluctuating mass on the temporal epi- 
bulbar surface ef the left eye. Objective 
confirmation was provided by her local 
physician, who had evaluated the mass and 
believed that it had enlarged since its 
initial appearanee. The patient was com- 
fortable except for occasional foreign-body 
sensation. There was no history of epibul- 
bar infection, trauma, radiation, allergies, 
or use of topical or systemic medications. 
The review of systems was unremarkable, 
including the absence of cutaneous keloidal 
scars. 

The visual acuity was 20/20+3 OU, with- 
out correction. Pupillary reflexes, ocular 
motility, and results of applanation tonom- 
etry and funduscopy were normal. Slit- 
lamp biomicroscopic examination revealed 
a clear cornea and lens and a deep, nonin- 
flamed anterior chamber. Results of physi- 
cal examination of the lids and adnexa and 
Hertel exophthalmometric examination 
were normal. Examination of the conjunc- 
tiva revealed bilaterally symmetric scat- 
tered flat patches of benign epithelial mel- 
anosis. There was an elevated mass tempo- 
ral to the limbus in the left eye (Fig 1). The 


conjunctiva and mass moved freely over- 


the underlying sclera. The overlying con- 


junctiva was incidentally involved by the- 


area of epithelial melanosis, seen else- 
where on the ocular surfaces. There was no 
cyst formation within the mass. At sur- 
gery, the superficial cenjunctiva was dis- 
sected away from the apex, and the tumor 
was easily shelled off the sclera. 


PATHOLOGIC FINDINGS 


The specimen consisted of a frag- 
ment of white tissue measuring 
0.3 X 0.2 X 0.2 em. Paraffin-embedded 
tissue sections stained with hematox- 
ylin-eosin revealed collagenous tissue 
with interspersed and compressed 
cells devoid of a surface epithelium 
that had been spared during surgery 
(Fig 2, top). The collagen had an elon- 
gated lamellar architecture (Fig 2, 
bettom left), which on cross section 
appeared as rounded lobules between 
which were compressed mesenchymal 
cells (Fig 2, bottom right). The tri- 
chrome stain displayed intense blue 
pesitive staining of the collagen; the 
periodic acid-Schiff stain showed pos- 
itive-staining basement membrane 
material around scattered capillaries, 
but no linear basement membrane- 
like material was found in association 
with the mesenchymal cells. — 

A portion of the tissue was deparaf- 
finized and reprocessed for electron 
microscopy. Low-pewer electron mi- 
crographs demonstrated the highly 
regular architecture of the lamellae 
and lobules of collagen, between 
which were compressed mesenchymal 
cells (Fig 3). Each lobule contained, 
either at its periphery or entrapped 
within its substance, fibroblastic cells 
and their processes (Fig 4). The colla- 
gen was of a regular diameter, mea- 
suring approximately 50 nm in width. 
The fibroblasts themselves failed to 
display basement membranes on their 
surface plasmalemmas, and exhibited 
abundant, and frequently dilated, pro- 
files of rough-surfaced endoplasmic 
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Fig 2.—Top, Low-power photomicrograph of excised tissue demon- 


strates abundant collagen, scattered compressed cells, no inflamma- 
tion, and occasional capillaries. Epithelium had been left in patient's 
eye during surgical dissection (hematoxylin-eosin, original magnifica- 
tion X90). Bottom left, Collagen has lamellar architecture when cut 
longitudinally. Compressed mesenchymal cells are present between 
collagenous aggregates (hematoxylin-eosin, original magnification 
X 150). Bottom right, Collagen bundles appear more like lobules when 
cut in cross section, as shown toward right. Interspersed stellate 
mesenchymal cells are often present at peripheries of lobules and have 
round nuclei. Patent capillaries can be seen toward upper right 
(hematoxylin-eosin, original magnification X 160). 


662 Arch Ophthalmol—Vol 106, May 1988 





Fig 1.—Mildly upraised lesion is located just 
off limbus in horizontal meridian. Note faint 
racial epithelial melanosis overlying lesion, but 
no cysts were present within its substance in 
the substantia propria. Lesion was freely mov- 
able over surface of globe. 





Fig 3.—Low-power transmission electron micrograph reveals overall 
lobular and lamellar (L) architecture of lesion. Arrows point to cell 
bodies or processes of fibroblasts. Cell bodies are mostly located at 
peripheries of lobules (original magnification X3150). 
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Fig 4.— Top, Cellyrocesses (CP) are present at edge and in peripheral 
aspects of a lobule of collagen (C) (original magnification X26 259). 
Bottom, Cell processes contain abundant profiles of rough-surfaced 
endepiasmic reticulum (arrows), which when dilated exhibit abundant 
amorphous materia! within their cisternae (ER). There is no basement 
material investing plasmalemmas of cell process. Collagen (C) fibers 
are present within recess of cell border and elsewhere in interstitiem 


Fig 5.—Top, Cell body of fibroblast contains many profiles of rough- 
surfaced endoplasmic reticulum (arrows) and numerous thin and wider 
cell processes (CP) (original magnification X 18 400). Bottom, Higher- 
power view of wider cell process in cell displaying abundance of 
rough-surfaced endoplasmic reticulum (arrows) and absence of any 
basement membrane material (original magnification X45 770). 


(original magnification X43 780). 


reticulum (Fig 4, bottom, and Fig 5). 
No inflammatory cells were found 
within the conmective-tissue lobules of 
collagen or around the blood vessels. 
No elastotic fibers or degenerative 
changes were noted in the collagen, 
such as are cliaracteristically seen in 
a pinguecula er pterygium.” 


‘COMMENT 


When this patient was examined 
clinically, an acquired juxtalimbal 
lesion was observed to arise beneath 
the conjunctival epithelium and was 
situated withim the substantia propria 
by virtue of its free movability over 
the surface of the eyeball. There had 
been no previous history of epibulbar 
infammation, infection, or trauma. A 
melanocytic mevus was considered, 
but the pigmentation was thought to 
be more likely the result of racial 
intraepithelial melanosis because of 
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the absence of any subepithelial 
cysts.° Furthermore, conjunctival 
melanocytic nevi typically make their 
appearance within the first two 
decades of life. The foregoing clinical 
considerations allowed for only a few 
diagnoses, including a neurofibroma 
or a pure fibroma, the latter never 
having been documented convincingly 
in the conjunctiva. Lymphoid and vas- 
cular lesions rarely occur focally in a 
juxtalimbal position. 

Other fibroblastic lesions have been 
documented in an epibulbar location, 
namely, nodular fasciitis, fibrous his- 
tiocytoma, and myxoma.”**' Fibrous 
histiocytomas often have a yellowish 
appearance due to the presence of 
lipid in the cytoplasm of the histio- 
cytes.™? Nodular fasciitis is a reactive 
proliferation ef benign but immature 
fibroblasts and myofibroblasts; it 
develops rapidly with associated 


hypervascularity and inflammatory 
signs.” Finally, myxomas are not firm 
but, rather, soft lesions as a result of 
the abundant stromal mucopolysac- 
charides””!; they arise from fibro- 
blasts that preferentially elaborate 
ground substances instead of collagen. 
Herein, we report a curious epibulbar 
fibroma that draped on the superior 
eyeball and cornea as several dentate 
porcelain masses,? but in this 
instance, the lesion was subconjuncti- 
val in origin and was presumed to 
have arisen from fibroblasts in Ten- 
on’s capsule. 

A clinical feature in this case that 
ruled out more common lesions, such 
as a pinguecula or pterygium, was the 
absence of matching lesions on the 
contralateral eye; it is also extremely 
rare for a solitary lesion of pinguecula 
or pterygium to be located temporally. 
In fact, when such an isolated tempo- 
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ral lesion is encountered, one should 
think of a congenital malformation, 
eg, a solid dermoid, a simple or 
complex choristoma, or an elastofi- 
broma.’***** The clinical absence of 
yellowish elastotic globules in the 
substantia propria was an additional 
feature that militated against an 
actinically induced secondary change 
in the substantia propria. 

The light and electron microscopic 
features of this tumor unequivocally 
demonstrated a fibroblastic origin.*“* 
Most of the subepithelial lesion con- 
sisted of uninflamed, lamellar colla- 
gen, with interspersed compressed 
cells, offering, under low-power 
microscopy, an appearance simulating 
the architecture of the sclera. Clearly, 
the lesion was not of scleral origin, 
because clinically it was freely mov- 
able over the deeper tissue planes. The 
regularly arrayed collagen fibers were 
well demonstrated by electron micros- 
copy to be organized into lobular 
aggregates. 

Compressed between these lobules 
were fibroblasts evincing abundant 
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profiles of rough-surfaced endoplas- 
mic reticulum; there was no basement 
membrane material, ruling out a neu- 
ral tumor, eg, a neurofibroma or 
schwannoma.” The hig aly regiment- 
ed lamellar architecture of thickened 
bundles of collagen departs radically 
from the delicate nature of the colla- 
gen fibers in the normal substantia 
propria.” The collagenous stroma of 
the tumor additionally differed from 
the microfibrillar elastic precursor 
and degenerative materials that have 
been observed ultramicrescopically in 
pinguecula and pterygium,” as well as 
from the mature elastie fibers that 
have been described in elastofibroma 
oculi.” 

Neither a fibromatosis nor a fibro- 
sarcoma was considered histopatho- 
logically because of the greater cellu- 
larity of these tumors.” In a study of 
2455 conjunctival lesions in adults, 
there was no instance of a fibroma, 
but there was one example of a fibro- 
sarcoma.’ A rhabdomyosarcoma can 
develop in the connective tissues of 
the conjunctiva in children,’ but this 
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again is a hypercellular lesion that is 
devoid of the conspicuous collageniza- 
tion present in a fibroma. 

Consideration has to be given to the 
possibility that this lesion represents 
the scarred remnants of an earlier 
inflammatory process. Clinically, the 
patient gave no history of epibulbar 
inflammation and in fact reported 
that the lesion had been slowly and 
progressively enlarging for over a 
decade without fluctuation. Although 
the patient was black, there was no 
evidence of keloid formation else- 
where in the body. By light and elec- 
tron microscopy, we observed a com- 
plete absence of inflammatory cells; 
the lesion was sparsely capillarized, 
and the regular lamellae of the colla- 
gen deposition suggested a primary 
neoplasm. A more disorganized, zonal 
pattern would have been expected in 
the wake of an inflammation. 
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Neurilemoma as a Presenting Feature 
of Neurofibromatosis 


Michelle E. BickEr-Bluth, MD; Philip L. Custer, MD; Morton E. Smith, MD 


® A previously healthy 38-year-old 
woman presented with gradually progres- 
sive ptosis and d>wnward deviation of her 
left eye and a palpable left superonasal 
orbital mass. The mass was excised, and 
histopathelogic examination revealed a 
tumor composed of spindle cells 
arranged in both Antoni A and B patterns. 
Presence of S-400 antigen was deter- 
mined by immunoperoxidase staining. 
The diagnosis was neurilemoma. A right 
apical extraparenchymal mass detected 
on a preeperatwe chest roentgenogram 
and computed temography was most con- 
sistent with a benign neurogenic tumor. 
The presentation was that of a recently 
discovered neumlemoma in a patient with 
preexisting, but previously undiagnosed, 
neurofibromatosis. 

(Arch Ophthawmo!/ 1988; 106:665-667) 


N carilemomas (schwannomas) ac- 

count for less than 2% of all orbit- 
al tumors.'* They can occur as solitary 
lesions but are associated with neuro- 
fibromatosis in 1.5% to 18% of 
cases** The ‘ollowing patient pre- 
sented with am orbital neurilemoma 
and roentgenegraphic evidence of a 
presumed benwgn neurogenic thoracic 
lesion, finding most consistent with a 
mild form of neurofibromatosis. 


REPCRT OF A CASE 


A healthy 38-year-old woman presented 
with a gradually progressive, painless, 
downward deviation of her left eye and 
ptosis of the eft upper lid of several 
months’ duraton. Photographs taken 
three years previously demonstrated the 
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left upper lid ptosis. One year before pre- 
sentation, she noted intermittent double 
vision that became more constant over 
time. Ocular examination revealed the 
visual acuity to be 20/20 OU, and a left 
upper lid ptosis was present (Fig 1). A 
smooth, soft mass slightly tender to palpa- 
tion was present in the left superonasal 
orbit. There was limitation of supraduction 
in the left eye, and a left hypotropia (2 
prism diopters in primary gaze) was 
present. No axial proptosis was demon- 
strated. The remainder of the ocular exam- 
ination findings were normal. Other perti- 
nent physical fimdings included nodular 
enlargement of the thyroid gland and two 
café au lait spots, one (2.5 X 5.0 em) on the 
left lower back and one (0.5 X 0.5 em) on 
the left anterior axillary skin fold. 
Computed tomography (CT) and mag- 
netic resonance imaging (MRI) demon- 
strated a soft-tissue mass in the superior 
aspect of the orbit, displacing the superior 
rectus complex downward and flattening 
the superior aspect of the globe. There was 
erosion of the anterior portion of the orbit- 
al roof. No definite extraorbital extension 
was seen (Figs 2 and 3). The admission 
chest roentgenogram showed a 4 X 3-cm 
right apical extraparenchymal mass with 


molding of the second right rib (Fig 4), 
which was further characterized on CT as 
being adjacent to the pleura, containing 
calcification, and having an attenuation 
value less than that for muscle, findings 
most consistent with a benign neurogenic 
tumor. 

An anterior orbitotomy was performed 
via an eyelid crease incision. The mass 
involved the left supraorbital nerve and 
was excised without difficulty. One year 
later, the patient’s ptosis was completely 
resolved, and there was no evidence of 
recurrence, although hypesthesia, which 
had developed postoperatively, was still 
present in the distribution of the left 
supraorbital nerve. A chest roentgenogram 
revealed no change in the chest lesion. 


PATHOLOGIC FINDINGS 


The tumor measured 32X18 x8 
mm (Fig 6) and on cut section showed 
glistening yellow-gray to orange-yel- 
low tissue with scattered hemorrhage. 
On microscopic examination, the 
tumor showed both Antoni A areas 
with nuclear palisading and Verocay 
bodies as well as Antoni B areas of 
ovoid cells against a mucinous back- 





Fig 1.—Photograph of patient demonstrating left eye ptosis and hypotropia. 
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Fig 2.—Orbital computed tomographic scan. 
Sagittal reconstruction depicts mass (arrow- 
heads) superior to left globe and displacing 





left globe inferiorly. Fig 3.—Magnetic resonance image of head, Fig 4.—Chest roentgenogram demonstrating 
sagittal section, demonstrating oval-shaped right apical intrathoracic mass (arrows) that 
mass (arrowheads) in left superior orbit. has led to molding of the second right rib. 


Fig 5.—Right intrathoracic mass (arrows) is a 
better appreciated on computed tomographic 
scan of the chest. 








y” 
X Fig 6.— Surgical specimen demonstrating 
gas encapsulated nature of tumor. 
Se _ 
Pe 
ie 
ee 
Fi, 
er Fig 7.—Histopathologic slide depicting Antoni | 
~ A (arrows) and Antoni B (arrowheads) areas 


of tumor (hematoxylin-eosin, original magnifi- 
cation X40). 
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ground (Fig 7). Fresence of S-100 anti- 
gen was demoas™œated by immunoper- 
oxidase staining. The diagnosis was 
neurilemoma. 


‘COMMENT 


Orbital neurkemomas (schwanno- 
mas) arise frem she Schwann’s cells of 
peripheral nerves' and are either 
intraeonal or excraconal in location.” 
Neurilemomas account for no more 
than 2% of erbital tumors’ and are 
found in 1.5% o patients with neuro- 
fibromatosis, alkhough some sources 
report an assoc:ation of up to 18%. 
The most common presenting symp- 
tom in 26 cases of orbital neurilemo- 
mat was exephthalmos (100%) with 
limitation of ceular motility (61%) 
and visual eisturbance (50%) next 
most frequent. “ertada’ reported two 
cases of solitary erbital neurilemoma 
associated with café au lait pigmenta- 
tion of the slain but no other systemic 
manifestations ef neurofibromatosis. 
Another series of cases* reported the 
varied clinical presentations, preoper- 
ative investagetions, and operative 
findings associated with orbital neuri- 
lemomas. Our ease was interesting in 
that an incidental finding on chest 
posteroanter or roentgenographic film 
and CT film was most consistent with 
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a neurogenic tumor of the right tho- 
rax. A review of a chest roentgeno- 
gram obtained the previous year 
revealed that no change had occurred 
in the lesion. The patient’s family 
history included an aunt who in 1969 
underwent thoracotomy for an ex- 
trapulmonary mass, apparently aris- 
ing from the brachial plexus and diag- 
nosed as a neurofibroma. In December 
1987, the patient’s mother had a neu- 
rilemoma removed from her right 
forearm and also was discovered to 
have a right intrathoracic presumed 
neurogenic lesion. 

Neurofibromatosis (von Reckling- 
hausen’s disease) is an autosomal 
dominant disorder characterized by 
cutaneous pigmentations and multi- 
ple neurofibromas of the skin and 
nerves, but there are many formes 
frustes or incomplete expressions of 
the disease.” Our patient presented 
with orbital neurilemoma with proba- 
ble mild or incompletely expressed 
neurofibromatosis, as, generally, six 
or more café au lait spots larger than 
1.5 cm in diameter has become a crite- 
rion for establishing a diagnosis of 
neurofibromatosis. This patient had 
only two café au lait spots, and her 
condition remained undiagnosed until 
she presented with signs and symp- 
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toms of a left supraorbital mass and 
the subsequently discovered thoracic 
tumor. Interestingly, the patient’s 
mother’s disease was discovered after 
that of the patient; the aunt’s disease 
was the only other relevant family 
history to date. 

The pathologic features of our 
patient’s tumor are characteristic of 
neurilemoma. Neurofibromas are un- 
encapsulated and contain not only 
Schwann’s cells but also endoneural 
cells and axons. Neurilemomas are 
composed only of Schwann’s cells. Our 
patient’s tumor contained the charac- 
teristic Antoni A and Antoni B pat- 
terns. S-100 protein, which is a useful 
marker for identifying neoplasms 
derived from Schwann’s cells and 
melanocytes," was identified in this 
tumor. 

The recommended treatment for 
neurilemomas is total surgical remov- 
al. Because these tumors are encapsu- 
lated, neurilemomas usually can be 
totally removed, and recurrence is 
rare,'? although one case of sarcoma- 
tous transformation of a benign orbit- 
al neurilemoma has been reported.’ 
Our patients thoracic lesion is 
asymptomatic and is being followed 
up closely by a thoracic surgeon; no 
treatment is required at this time. 
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Important new features of 
the Topcon SI-4E Slit Lamp: 


0X;10X,10X,25X,40X. 


The latest addition to Topcon’s technologically-advanced E-Series 
Slit Lamps, the Topcon SL-4E gives you the versatility of five posi- 
tion magnifications, from 6X through 40X, that you can change 
without refocusing. 






























to the magnification unit makes it easier to observe the RAR 
fundus and the vitreous. And a new override switch on 

top of the joystick provides convenient maximum 
ifumination for those brief moments when additional 
light can help the diagnosis. 

You'll also find fatigue-free convergent binocular tubes, 
the clean. true colors of halogen light and the conve- 
nience of one-hand adjustment with the omni-directional 
joystick. 

Add to these features the many available accessories, 
and you have the ultimate in slit lamp efficiency. The 
optional photographic attachment includes a relay lens 
that can accept most 35mm cameras to make clinical 
documentation a reality. There’s also an observation tube 
that attaches to either side of the beam splitter 

for optimum convenience. For complete 
versatility, there’s even a video 
attachment for on-the-spot 
live presentations. 





Ask your Topcon 
representative for all 
the details on the 
SL-4E. It could make your 
* life alot easier. 
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Slit Lamp 
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Some 20 years ago, physicians across the globe start- 
ed doing procedures which had been impossible 
only months earlier. 

Laser eye surgery. 

It took an innovative and dedicated company, 
best known at the time for industrial lasers, to 
develop an ophthalmic laser suitable for everyday 
use by surgeons. It took Coherent Medical. 


Zo 


Look ForTh Name That 
Around The World. 


Our Model 800 was 
the first photocoagulator 
designed specifically for 
ophthalmology. And the first to receive widespread 
acceptance. Shortly thereafter, the Model 800 
became the standard for all clinical photo- 
coagulators. 

A new generation of lasers has made Coherent 
Medical the world’s most widely accepted name 
in medical lasers. These now make up over 60% of 
the ophthalmic lasers currently in use. More 
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than 6000 have been 
installed in offices, 
surgicenters and hos- 
pitals like yours. 

They prove their 
accuracy and relia- 
bility 4,000,000 
times each and every day. 

Is this worldwide acceptance 
any surprise? Patients of every 
nationality have found new hope 


7970 Nd:YAG laser 
With featuresfor 

the most demanding 
clinical envirenmen. 














for sight. And physicians have found a type of 
investment whose value will continue to grow. 
They found it in a unique family of lasers with 


the name Coherent. 


i COHERENT 


MEDICAL GROUP 


Our Tradition Is Technology. 
Our Philosophy Is Caring. 








Make Sure Your Laser Cc 


Long As Your 


Today's market is flooded with ophthalmic lasers. 


Many are from follow-the-leader companies that 
disappear as fast as they appear. 


Over the past 5 years alone, 15 manufacturers 


left the ophthalmic laser business. Their cus- 
tomers are often left without support. Without a 
dedicated company to back them. 

They could have made a safer investment 
in a Coherent Medical laser. 


Laser 


Our stability comes 
from a unique source— 
a dedication to lasers. We 
make only lasers. Like the first 
photocoagulator. The first 
Nd:YAG lasers commercially 
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7931 compact 
argon/Nd:YAG 
laser system: 
Instantaneous 
switching between 
full-featured 
7901 Nd:YAG 
and 930 photo- 
coagulator. 








available tə perform posterior capsulotomies 
and iridetenaes. The first argon/dye laser. And the 
first laser delivery system custom designed for 
ophthalmic surgery. 

Why should we dilute our efforts on un- 


related prod acts? Coherent means lasers. 
You begim to see why Bell Labs chose 


Coherent lasers for their research in nuclear fusion. 


And why every major compact disk company 


why NASA cose our lasers to go with Voyager 
to the tar reaches of the galaxy. 
Like these organizations, you have a choice. 





chose Coher=at lasers to engrave master disks. And 
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You can choose a laser company that has proven 
the quality and reliability of its products for two 
decades—or one that hasn't. A lasercompany you 
know will be around for years to come—or one 
that might not. Make the safe choice. Coherent. 


‘COHERENT. 
MEDICAL GROUP 


Our Tradition Is Technology. 
Our Philosophy Is Caring. 
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Find A Company That 


Support You. 


Compare Coherent Medical service and support 
programs with other laser manufacturers. The 
difference is like day and night. And the longer 
you own one of our lasers, the more valuable these 
backup programs can be. 

We start with the largest factory-trained 
service network in the industry. An organization 
that responds to your calls within 48 hours. 

Backing them is a computer-based Customer 
Care System that enables Customer Support 


Coordinators to answer questions about your own 
laser system in just minutes. 

The industry's largest engineering group 
keeps abreast of changing needs in ophthalmology. 
Besides developing new products, they look for 
ways to improve existing lasers. Timely upgrades 
maximize the value of your laser investment. 

We also help make sure you can afford the 
very best. Coherent can structure a leasing program 
that’s uniquely suited to your needs. 

Finally, we keep you advised of new laser 
developments through educational programs, 
such as: Coherent-sponsored CME-credit courses, 
workshops, seminars and training. We also keep 
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Will Go Out Of Its Way To 
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you in touch with the world’s leading laser sur- 
geons, offering hands-on demonstrations of the 
latest surgical te ‘hniques. 

As many of your colleagues will tell you, a 





Coherent Medical 












7905 portable 
Nd:YAG laser 
Lightweight yet 
rugged laser 
travels with yor. 
An ideal support 
laser for the 
clinic. 
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laser is a safe investment. One that will keep 
working for you throughout the years. A laser that 
can be upgraded, so that you needn't concern 
yourself about obsolete technology. 

Yes, Coherent Medical does go the extra mile 
for you. 


‘COHERENT. 
MEDICAL GROUP 


Our Tradition Is Technology. 
Our Philosophy Is Caring. 














Invest In A Coherent Laser, 


And Youll NeverLook Back. 


At Coherent Medical, you'll find a laser that's 
ideally suited for your specific needs. 

Our 920-series—in argon, argon/kry pton and 
tunable argon/dye—are widely used in hospitals 
and surgicenters. Our compact 930 argon is 
especially suited for the office or clinic. 


Our Nd:YAG laser family is equally complete. 


Our 9900 Nd:YAG makes an excellent clinical 
and research tool. The 7970 has precision features 
and control for the most demanding clinical 
situations. The 7910 is one of the true values in 
lasers today. And the 7905 portable is ideal for 
remote sites, multiple offices, nursing homes, and 
as a support laser in the hospital. 

Thanks to our unique LDS-20 slit lamp, the 
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are combined in one space-saving system providing 
argon or YAG capability for multiple procedures. 
Its the ultimate in versatility. 

You've read a few of the reasons Coherent 
has helped physicians get the most from their 
laser investments for 20 years. For more, call 
toll free 800-635-1313, or 800-423-9543 in CA. Or 
write: Coherent Medical Group, 3270 W. Bayshore 
Road, Box 10122, Palo Alto, CA 94303. 
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COHERENT. 
MEDICAL GROUP 
Our Tradition Is Technology. 
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Laboratory Sciences 





Quantification of Cellular Proliferation in Experimental 


+ Proliferative Vitreoretinopathy 


Diane L. Hatehel. PhD; Terry McAdoo, MS; Sherif Sheta, MD; Robert T. King III; Jorge V. Bartolomé, PhD 


@ Proliferation of host cells from 
around the optic "erve head has recently 
been implicated in the development of 
experimental proliferative vitreoretinopa- 
thy in sabbit eye injected with homolo- 
gous fibroblasts. We used liquid scintilla- 
tion spectrometry to quantitate the triti- 
ated thymidine imcorporation into cells in 
the vitreous, retina, and optic nerve head 
following intravitreal injection of 250000 
homologous dermal fibroblasts. Cellular 
proliferation peeked three days after 
injection of the fibroblasts. The amount of 
tritiated thymidime incorporation that 
occurred three days following injection of 
irradiated homolbcous fibroblasts (inca- 
pable cf cellular division) was not signifi- 
cantly differemt fan that following injec- 
tion of normal aemologous fibroblasts, 
indicating that host cells were responsi- 
ble for most of the cellular proliferation. 
Treatment with fluorouracil or triamcino- 
lone acetonide completely arrested cellu- 
lar proliferation following injection of nor- 
mal fibroblasts. 

(Arca Ophthalmol 1988; 106:669-67 2) 


Proitferatian 3f fibroblasts injected 

intc the vitreous cavity of rabbits 
has been assumed by many authors"? 
to play a large pole in the development 
of experimental proliferative vitreo- 
retinopathy (PVR). However, Hit- 
chins et al* usec histologic and autora- 
diographic tecaniques to show that 
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fibrovascular proliferation of host 
cells from around the optic nerve head 
made a major contribution to the for- 
mation of epiretinal membranes when 
homologous dermal fibroblasts were 
injected into rabbit eyes. Because 
autoradiographic techniques are 
semiquantitative at best, we devel- 
oped a quantitative assay for assess- 
ing cellular proliferation in the eye by 
using liquid scintillation spectrome- 
try to determine the extent of triti- 
ated (*H)-thymidine incorporation 
into DNA. 

The first purpose of our study was 
to determine the peak time of *H- 
thymidine incorporation into cells in 
the vitreous, retina, and optic nerve 
head of the rabbit eyes into which 
homologous fibroblasts were injected. 
The second purpose was to determine 
how much of the *H-thymidine incor- 
poration was into host cells rather 
than into the injected homologous 
fibroblasts. This was determined by 
comparing the response at the peak 
time in eyes injected with normal 
fibroblasts to eyes injected with irra- 
diated fibroblasts that are incapable 
of cellular division. The third purpose 
of the study was to determine if the 
cellular proliferation could be inhib- 
ited by treatment with fluorouracil or 
triamcinolone acetonide, drugs known 
to be effective in preventing retinal 
detachment in experimental models of 
rye.” 


MATERIALS AND METHODS 
Preparation of Cultured Fibroblasts 


Homologous dermal fibroblasts (grown 
from explants of rabbit rump skin) were 
cultured in Dulbecco’s modified Eagle’s 
medium with 10% fetal bovine serum, 


antibiotics, and antimycotics (penicillin 
sodium, streptomycin sulfate, and ampho- 
tericin B) and maintained in a 37°C incu- 
bator in a humidified atmosphere of 5% 
carbon dioxide in air.’ Cells were allowed 
to reach confluency and split three days 
before injection to ensure viability. Cells 
were harvested by incubating them with 4 
mL of 0.25% trypsin and 0.02% edetic acid 
for five minutes and collecting the cells in 
stop media (Dulbecco’s modified Eagle’s 
medium with 10% calf serum plus antibi- 
otics and antimycotics). The dispersed cells 
were centrifuged at 800 rpm for ten 
minutes and resuspended in 5 mL of phos- 
phate-buffered saline (PBS). An aliquot 
was removed for counting and viability 
testing by trypan blue exclusion. The cells 
were then centrifuged again and diluted to 
reach a final concentration of 250000 cells 
per 0.1 mL of PBS. 


Intravitreal Injection of Fibroblasts 


Pigmented rabbits weighing 1.8 to 2.3 kg 
were anesthetized with ketamine hydro- 
chloride (30 mg/kg) and xylazine hydro- 
chloride (5 mg/kg) and their pupils were 
dilated with topical 0.5% phenylephrine 
hydrochloride and 0.25%  tropicamide. 
After topical application of proparacaine 
hydrochloride (0.5% ), a 27.5-gauge needle 
was inserted through the sclera and retina 
6 mm posterior to the corneoscleral limbus 
in the superior nasal quadrant, and 0.1 mL 
of PBS (pH 7.0) containing 250000 fibro- 
blasts was injected into the vitreous over 
the optic disc. Control eyes, which did not 
receive fibroblasts, received 0.1 mL of 
PBS. 


Determination of Peak Time of 
Proliferation 


To determine the peak time of cellular 
proliferation, rabbit eyes were injected 
with 10 „Ci of *H-thymidine (specific activ- 
ity, 20.0 Ci/mmol) at 1, 2, 3, 4, 7, and 14 
days after fibroblast administration. The 
animals were killed 24 hours later by intra- 
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Fig 1.—Incorporation of tritiated thymidine into DNA of vitreous plus 
retina specimens at various times after injection of 250 000 fibroblasts 
into intact vitreous of pigmented rabbit eyes. Data represent mean + 
SEM of four determinations in each group. 
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Fig 3.—Incorporation of tritiated thymidine into DNA of vitreous plus 
retina specimens from control eyes (no fibroblasts) and experimental 
eyes three days after receiving 250000 normal or irradiated fibro- 
blasts. Data represent mean + SEM of four or five determinations in 
each group. 
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Fig 5.—Incorporation of tritiated thymidine into DNA of vitreous plus 
retina specimens from control eyes (no fibroblasts) and experimental 
eyes 72 hours after receiving 250000 fibroblasts or 250000 fibro- 
blasts plus triamcinolone acetonide. Data represent mean + SEM of 
six to eight determinations in each group. 
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Fig 2.—Incorporation of tritiated thymidine into DNA of isolated retina 
and optic nerve head (blue bars) and vitreous (black bars) from eyes 
that had or had not been injected with 250 000 normal fibroblasts. Data 
represent mean + SEM of four or six determinations in each group. 
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Fig 4.—Incorporation of tritiated thymidine into DNA of vitreous plus 
retina specimens from control eyes (no fibroblasts) and experimental 
eyes 72 hours after injection of 250000 fibroblasts or 250000 
fibroblasts plus fluorouracil. Data represent mean + SEM of four to ten 
determinations in each group. 
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Fig 6.—Incorporation of tritiated thymidine into DNA of-lens 72 hours & 
after injection of 250000 fibroblasts or 250000 fibroblasts plus 
fluorouracil. Data represent mean + SEM of seven to ten determina- 
tions in each group. Note that counts per minute are much lower in lens 
than in vitreous plus retina samples (Figs 1 through 4). 
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cardiae injection of an overdose of pento- 
barbitel sodium, and the eyes were enucle- 
ated and frozen in liquid nitrogen. 

The sclera and choroid were removed 
from the eyes within three minutes after 
the eye was removed from the freezer. A 
razor blade was used to start the peeling at 
a scleral crack site if one had occurred 
during the freezing process. The sclera and 
choroid were peeled back toward the cor- 
nea, and the cornea, iris, and lens were 
removed last. The retinal film, optic nerve 
head, and medullary rays could be seen on 
the surface of the vitreous ball, which 
remained frozen during the dissection. 
Sometimes retinal pieces remained at- 
tached te the retinal pigment epithelium, 
but the pieces could be lifted off and added 
to the vitreal sample. Retinal pigment epi- 
thelial cells did not adhere to the retina if 
the dissection was done quickly. The vitre- 
ous bady plus retina and optic nerve head 
were separated together from the rest of 
the eye and kept at —30°C until they were 
assayed for *H-thymidine incorporation 
into DNA. 


Assay for DNA Synthesis 


The specimens were homogenized sepa- 
rately in 5 mL of water. Thymidine incor- 
poration into DNA was measured as 
previously described.” The DNA was preci- 
pitated in 1 mL of the homogenates by the 
additien of 25 mL of 10% trichloroacetic 
acid, centrifuged at 1000Xg for 15 
minutes, and-washed twice with additional 
trichloraacetic acid and once with 1 mL of 
water plus 4 mL of 95% alcohol. The final 
pellet was then digested with 1 mL of 
hyamime hydroxide (55°C for three hours). 
Samples were cooled and transferred to 
liquid seintillation vials, and 0.1 mL of 
glacial acetie acid and 10 mL of scintilla- 
tion cecktail was added to each vial. Sam- 
ples were counted for radioactivity using a 
liquid scintillation counter. The data were 
analyzed using the two-tailed, unpaired 
Student’s ¢ test. 


Determination of Host Cell vs 
Fibroblast Proliferation 


A second group of eyes was used to 
determine hew much of the *H-thymidine 
was incorporated into the host cells at the 
time of maxima! cellular proliferation 
(three days after fibroblast injection). 
Half of the eyes were injected with 250000 
normal homologous dermal fibroblasts. 
The other half were injected with 250000 
fibroblasts from the same stock culture 
after they had been exposed to 50 Gy (5000 
rad) ef cobalt irradiation. The markedly 
reduced ability of the irradiated cells to 
divide was proved by demonstrating that 
the uptake ef *H-thymidine into the nor- 
mal cells was 63 times greater than in the 
irradiated cells after 24 hours in tissue 
culture (91340 + 6830 cpm vs 1439 + 355 
cpm; n=4 and 5, respectively). The eyes 
were injected with *H-thymidine, and the 
vitreous and retina specimens were as- 
sayed for DNA synthesis as described 
above. In other experiments, the retina 
with the optic nerve head and medullary 
ray was separated from the vitreous with- 
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out freezing the eye,'' and the two speci- 
mens were counted separately. 


Determination of Drug Efficacy 


A third group of eyes were injected with 
1 mg of fluorouracil in 0.1 mL of PBS 
immediately after injection of normal 
homologous fibroblasts as described above. 
Subconjunctival fluorouracil (10 mg/0.2 
mL) was also given once a day for five 
days.’ A fourth group of eyes were injected 
with 2 mg of triamcinolone acetonide sus- 
pended in a vehicle containing 1% polyeth- 
ylene glycol 8000 and 0.005% tyloxapol in 
balanced salt solution 48 hours before nor- 
mal fibroblast injection.** In both of the 
drug-treated groups, *H-thymidine was 
injected 72 hours after fibroblast injection, 
and the animals were killed 24 hours later. 
Because of the possible toxicity of fluoro- 
uracil to normally dividing cells, the lenses 
of fluorouracil-treated eyes and their con- 
trols were also assayed for *H-thymidine 
incorporation. 


Clinical Examination 


All animals were examined using slit- 
lamp biomicroscopy, indirect ophthalmos- 
copy, and fundus photography preopera- 
tively and on day 8 after fibroblast injec- 
tion. Only animals with normal eyes were 
entered into the study. 


RESULTS 


Peak incorporation of *H-thymidine 
into the DNA of the vitreous plus 
retina specimens occurred three days 
after fibroblast injection and was 
three times greater than at 2, 7, or 14 
days and two times greater than at 
four days (Fig 1). When the retina, 
preretinal bloed vessels, and optic 
nerve head were counted separately 
from the vitreous, ten times more 
radioactivity was present in the retina 
and optic nerve specimens than in the 
vitreous (Fig 2). There was no statisti- 
cally significant difference in the 
incorporation of ‘*H-thymidine at 
three days when normal homologous 
fibroblasts were compared with irra- 
diated homologous fibroblasts that 
were incapable of cellular division 
(P <.7) (Fig 3). 

Treatment with fluorouracil and 
triamcinolone completely inhibited 
the incorporation of *H-thymidine 
into the DNA of the vitreous plus 
retina specimens (P < .02 and P< 
.001, respectively) (Figs 4 and 5). Flu- 
orouracil did not affect incorporation 
of *H-thymidine in the lens (Fig 6). 

Indirect ophthalmoscopy three days 
after fibroblast injection provided 
some confirmation of drug efficacy in 
the treated eyes. For example, only 
57% of the eyes treated with fluoro- 
uracil had transvitreal strands or 
hyperemic vessels, puckers, or eleva- 
tion of the myelin wings compared 
with 100% of the untreated eyes. The 


presence of hyperemic vessels, trac- 
tion on the wings, er both was also 
less common in triamcinolone-treated 
eyes (37.5%) than in those untreated 
(75%); however, all eyes in these 
groups had strands. 

Slit-lamp examination of the eyes 
untreated and treated with fluoroura- 
cil three days after fibroblast injec- 
tion revealed no major differences in 
inflammatory response. Sixty percent 
of the untreated eyes had 1+ or 2+ 
cells in the anterior chamber com- 
pared with 71% of the treated eyes. 
Fifty percent of the untreated eyes 
had 1+ or 2+ flare compared with 
43% of the fluorouracil-treated eyes. 
Slit-lamp examination of the un- 
treated and _ triamcinolone-treated 
eyes three days after fibroblast injec- 
tion also revealed no major differ- 
ences in inflammatory response. None 
of the eyes in either group had cells in 
the anterior chamber. Flare (1+) was 
seen in only two (25%) of eight of the 
untreated eyes and in none of the 
treated eyes. 


COMMENT 


We have developed a technique for 
accurately quantitating cellular pro- 
liferation in the retina and vitreous of 
rabbit eyes that have been injected 
with fibroblasts, and we have used 
this technique tosdemonstrate that (1) 
the peak time of cellular proliferation 
occurs three days after fibroblast 
injections, (2) the cellular prolifera- 
tion occurs primarily in host tissue 
(optic nerve head, retina, and prereti- 
nal blood vessels), and (3) both fluoro- 
uracil and triamcinolone completely 
inhibit cell proliferation at the peak 
time of proliferation (72 hours after 
fibroblast injection). This technique 
will be useful in quickly screening 
potential antiproliferative drugs for 
their efficacy in the eye as well as in 
determining optima! times and routes 
of drug administration. 

The startling similarity in the 
extent of *H-thymidine incorporation 
between eyes injected with normal 
fibroblasts compared with irradiated 
homologous fibroblasts confirms the 
work of Hitchins et alt showing that 
the host cells are responsible for most 
of the cellular preliferation. These 
authors used histologic and autora- 
diographic techniques to demonstrate 
that incorporation of *H-thymidine 
occurred primarily in (1) the fibroin- 
flammatory tissue growing out from 
the optic nerve head, (2) the astro- 
cytes of the optic nerve, and (3) the 
endothelial anc mural cells (peri- 
cytes) of the bleod vessels associated 
with the myelin wings and new blood 
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vessels extending into the mem- 
branes. They concluded that the 
injected cells induced the aggressive 
host proliferative reaction that ex- 
tended into the vitreous from the 
optic nerve head and medullary 
wings. 

Treatment with fluorouracil and 
triamcinolone reduced the incorpora- 
tion of *H-thymidine in the vitreous 
and retina specimens to control levels, 
indicating that little or no cellular 
proliferation was occurring 72 hours 
after fibroblast injection in the pres- 
ence of either drug. This was not 
surprising with fluorouracil, a syn- 
thetic pyrimidine analogue, since its 
mechanism of action is well estab- 
lished.™? Fluorouracil acts as an anti- 
metabolite to uracil and interferes 
with the synthesis of DNA by block- 
ing the conversion of deoxyuridylic 
acid to thymidylic acid by thymidy- 
late synthetase. 

Corticosteroids, on the other hand, 
are known to exert a bimodal effect on 
cell proliferation in tissue culture 
(stimulation at low doses and inhibi- 
tion at higher doses). The use of 
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triamcinolone in a relatively insoluble 
form allows us to maintain continu- 
ously high concentrations in the vit- 
reous without multiple injections.” 
Glucocorticoids may exert their anti- 
proliferative effect in the eye by sup- 
pressing inflammation and break- 
down of the blood-retinal barrier as 
well as by a direct effect on cell prolif- 
eration.'*'® Chandler et al” recently 
reported that pretreatment (24 hours 
before fibroblast injection) of rabbit 
eyes with triamcinolone markedly 
decreased the incidence of retinal 
detachment when compared with eyes 
that were simultaneously treated. 
This study differed from ours in that 
they used a “refined” model for PVR 
in which the eyes were first “vitrec- 
tomized” by compression with an 
expanding gas bubble (perfluoropro- 
pane injected intravitreally).2' The 
results of the two studies are similar, 
however, in that pretreatment with 
triamcinolone was shown to be effec- 
tive in both. Studies are under way 
comparing pretreatment and simulta- 
neous treatment on *H-thymidine 
incorporation at various times after 
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fibroblast injection. 

To our knowledge, the effect of fluo- 
rouracil on normal lens epithelial pro- 
liferation in vivo has never been 
studied. The very low count rate in the 
lens was probably caused by the low 
mitotic rate in the lens epithelium or 
by the low concentration of *H-thymi- 
dine in the posterior chamber. Never- 
theless, there was no significant dif- 
ference in *H-thymidine uptake by the 
lens in fluorouracil-treated eyes com- 
pared with the control eyes (P < .05), 
indicating that fluorouracil, in the 
concentration used, did not inhibit 
normal cellular division in the lens 
epithelium. Fluorouracil has been 
shown by others to cause toxic reac- 
tions in the eye at high concentrations 
but to produce minimal or no clinical, 
electrophysiologic, or histologic ab- 
normalities at the dosage used in our 
study.” 
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Suppression of Experimental Tractional Retinal 
Detachment by Low-Dose Radiation Therapy 


Travis A. Meredith, MD; Linda Ficker, FRCS; Rosalind Stevens, MD; Zbigniew Olkowski, MD; 
Marjorie Andersen; Janet Hartmann; Ian Crocker, MD 


è We used a standardized model of 
traction retinal detachment (TRD) created 
by cellular membranes in the rabbit to test 
the effects of low-dose radiation therapy 
in suppressing TRD. The vitreous and lens 
were removed from pigmented rabbits, 
and homologous conjunctival fibroblasts 
were grown in csi! culture. After resolu- 
tion of postoperative inflammation, 
50 000 fibrobiasts in 0.1 mL of culture 
fluid were injected into the vitreous cavi- 
ty. Ten eyes were-maintainec as controls. 
Nineteen eyes received 6 Gy (600 rad) of 
x-ray irradiation one to three hours after 
cellular injection. Eyes were monitored 
weekly for three weeks with indirect oph- 
thalmoscopy. Seven (70%) of ten control 
eyes developed TRD at one week; no 
additional TRDs were noted at weeks 2 
and 3. Significantly smaller numbers of 
irradiated eyes developed TRD: at week 
1, two (11%) of 19; at week 2, five (28%) 
of 18; and at week 3, five (29%) of 17. 

(Arch Opfthalmol 1988; 106:673-675) 


Mie recognition that proliferative 

vitreoretinopathy is created by the 
proliferation of cells on the retinal 
surfaces in the vitreous is a seminal 
contribution by Machemer and Laqua! 
that has led to scientific and clinical 
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attempts to better understand and 
control this process.’ 

Improved surgical techniques and 
the availability of intraocular gases 
and silicone oil for retinal tamponade 
have improved the rate of surgical 
success for proliferative vitreoreti- 
nopathy. Recurrence of cellular mem- 
branes remains the major cause of 
surgical failure. 

Several types of cells** are probably 
involved in this process that includes 
cellular replication, metaplasia of ret- 
inal pigment epithelial cells into 
fibroblasts, cellular migration, at- 
tachment of cells to the retinal sur- 
face, and subsequent cell-mediated 
contraction of cellular membranes. In 
various animal models, pharmacologi- 
cal agents such as steroids™" and anti- 
metabolites'’*"”’ have been injected into 
the vitreous cavity to inhibit the 
development of experimental prolifer- 
ative vitreoretinopathy. Oral colchi- 
cine has also been recently studied.'*"’ 
Injection of fibroblasts into the vitre- 
ous cavity in either vitrectomized or 
nonvitrectomized rabbit eyes is the 
most frequent method of producing an 
experimental retinal detachment for 
these studies. 

X-ray irradiation has been demon- 
strated to suppress fibroblast prolif- 
eration and collagen synthesis in in 
vitro systems.”°?! The use of low doses 
of superficial roentgen rays after sur- 
gery has been effective in preventing 
hypertrophic scars and keloids in 
patients prone to their develop- 
ment.”* This has been accomplished 
with fractionated doses in the range 
of 10 Gy (1000 rad) without signifi- 
cantly interfering with wound repair. 


Low-Dose Radiation Therapy—Meredith et al 


These clinical and laboratory data 
prompted us to explore the use of 
low-dose radiation therapy in inhibit- 
ing the development of traction reti- 
nal detachment (TRD) in a rabbit 
model. 


MATERIALS AND METHODS 


Pigmented rabbits weighing between 2 
and 3 kg were anesthetized with intramus- 
cular injections of ketamine hydrochloride 
(30 mg/kg) and xylazine hydrochloride (10 
mg/kg). After retrobulbar injection of 
lidocaine hydrochloride (1 mL) and dila- 
tion of the pupils with 1% cyclopentolate 
hydrochloride and 10% phenylephrine 
hydrochloride, a pars plana incision was 
made 1 mm posterior to the limbus. The 
lens was fragmented by ultrasonic vibra- 
tion and the residual capsule and cortical 
material removed with an aspiration-cut- 
ting instrument. The vitreous was removed 
and the eyes were then allowed to stabilize 
for three to four weeks. 

Conjunctival samples were removed 
from the same strain of rabbit. The speci- 
mens were minced inte 1-mm? sections and 
suspended in modified Eagle’s medium, 
supplemented with 20% fetal bovine 
serum, 2.5 mg/mL of amphotericin B, and 
50 mg/mL of gentamicin. The cells were 
seeded into eight inner wells (2-cm growth 
area) of a 16-well multidish and incubated 
at 37°C in 5% carbon dioxide. The medium 
was changed every three to four days until 
a confluent monolayer appeared (at 
approximately seven to ten days). Cells 
were subcultured by washing the monolay- 
er with Hanks’ balanced salt solution and 
were then incubated in a 0.25% trypsin- 
edetic acid solution for ten minutes. Cells 
were collected in cukture medium, with 
20% fetal bovine serum; centrifuged at 400 
g for five minutes; resuspended; counted; 
and either replated for future passage, 
frozen in liquid nitrogen, or used for injec- 
tions. 
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Week 1 


Control Irradiated 


Week 2 Week 3 


Percentage of experimental eyes (hatched areas) with traction retinal detachment after 


intraocular injection of fibroblasts. 


The cells were then injected into the eyes 
in which the lens and vitreous had been 
removed. The cells were prepared in a 
concentration of 5 X 10‘ in a 0.1-mL sterile 
balanced salt solution and drawn into a 
tuberculin syringe with a 27-gauge needle. 
The rabbits were anesthetized as before, 
and a single 0.1-mL suspension containing 
50 000 cells was injected by inserting the 
needle through the pars plana and posi- 
tioning it immediately above the optic 
nerve and raphe. 

After injection, the needle was allowed 
to remain in position for 30 to 60 s and then 
slowly removed. The fundus was monitored 
until the retinal vessels reopened. Atro- 
pine sulfate in 1% concentration was 
instilled in each eye. Animals were main- 
tained in a supine position until the com- 
pletion of anesthesia. 

One to three hours after cellular injec- 
tions, all animals were placed in restrain- 
ing boxes and taken to the Radiation Ther- 
apy Department. Ten animals served as 
controls and were not irradiated. Seven- 
teen animals received 6 Gy (600 rad) at 
Dmax given in a single fraction on a 
cobalt 60 teletherapy unit (80 em 55 diop- 
ters) with a 5 X 5-em field. Two animals 
received only 5 Gy (500 rad), followed by an 
additional 1 Gy (100 rad) 16 hours later. 

After treatment, all animals were exam- 
ined with indirect ophthalmoscopy 1, 2, 
and 3 weeks after injection of the fibro- 
blasts, with the pupils dilated as previous- 
ly described. The presence or absence of 
TRD, defined as an elevation of both 
raphes in a tractional (nonrhegmatoge- 
nous) configuration, was recorded. 


RESULTS 


In the control group, marked TRD 
was present in seven (70% ) of ten eyes 
at one week, comparable with rates 
noted by other investigators using a 
similar model. Of the irradiated eyes, 
only two (11%) of 19 developed highly 
elevated TRDs; the difference is sta- 
tistically significant (contingency ta- 
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bles, x? = 10.8275; P = .001) (Table and 
Figure). 

At week 2, no additional control 
eyes were detached. Detachments 
occurred in five (28% ) of the 18 irradi- 
ated eyes (P = .03). One animal died of 
intercurrent disease. 

At week 3, the control eyes 
remained unchanged. No further 
detachments developed in treated 
eyes, but one additional animal died of 
intercurrent disease, leaving five of 17 
eyes detached (P = .038). 


COMMENT 


Our studies demonstrate that low- 
dose radiation therapy has a strong 
effect in reducing the incidence and 
the rate of development of TRD when 
applied immediately after injection of 
homologous fibroblasts into the 
aphakie vitrectomized eye of the pig- 
mented rabbit. Irradiation is thought 
to exert its effects by damaging DNA, 
thus causing cells to die during their 
next attempt at cell division. 

The effects of irradiation on cell 
cultures may be ascertained by com- 
paring the number of viable cells at 
different periods after irradiation of 
the culture and expressing the num- 
ber of cells as a _pereentage of 
untreated control cultures. In studies 
of the effect of beta irradiation on 
fibroblast cultures derived from Ten- 
on’s capsule of the owl monkey, 
Nevarez et al% demonstrated a dose- 
dependent antiproliferative effect. At 
the third and seventh days after irra- 
diation with 3 Gy (300 rad), survival 
rates of 48% and 44% were noted 
compared with controls; after 10 Gy 
(1000 rad), survival rates of 39% at 
three days and 14% at seven days 
were noted. In our laboratories, Stern- 


Frequency of Traction Retinal Detachment 


Week * 








Control 7/10 7/10 7/10 







eyes 
Irradiated 2/19 5/18 5/17 
eyes 
P <.001 .03 .03 





* Data for control and irradiated eyes are given as 
number of eyes with traction retinal detachment of 
total number in group. At weeks 2 and 3, in the 
irradiated eyes group, an animal died of intercurrent 
disease. 


berg et al% studied the effect of x-ray 
irradiation on cell cultures of rabbit 
fibroblasts and retinal pigment epi- 
thelial cells. Using doses of 5 Gy (500 
rad), fibroblast proliferation was 
reduced to 41% of controls at day 14 
after irradiation, while retinal pig- 
ment epithelial cells were reduced to 
56%.% 

In studies in models of ocular trau- 
ma, fibrous tissue growth creating 
TRD is created by producing ciliary 
body wounds and injecting blood into 
the vitreous.” Membrane growth is 
shown to be reduced by application of 
gamma radiation by cobalt plaque 
directly to the wound,” or by adminis- 
tration of high-dose roentgen rays to 
the whole eye.” Histopathologic find- 
ings in these cases have shown that 
the cellular proliferation is reduced. 

Models of TRD may be produced by 
injecting fibroblasts or retinal pig- 
ment epithelial cells in either the 
intact or vitrectomized eye. Fewer 
cells are required in the vitrectomized 
eye. Fluorouracil and corticosteroids 
are the most completely studied phar- 
macologic agents used to attempt to 
control the proliferative process. The 
percentage of eyes developing TRD is 
reduced when corticosteroids”! or 
fluorouracil'*> are injected into the 
vitreous cavity. Animal models of 
fluorouracil have used daily repeated 
injections to achieve this effect. 
Fibroblast proliferation is known to 
be reduced by both drugs. 

Reduction of experimental TRD has 
also been demonstrated after intra- 
ocular injection of daunorubicin 
hydrochloride,“ and after the ad- 
ministration of colehicine.'*"’ In vitro 
studies have demonstrated that col- 
chicine, taxol, and daunorubicin 
inhibit fibroblast proliferation and 
cell migration, while taxol and colchi- 
cine can have an additional effect on 
contraction of cellular membranes 
and cellular migration.” 

Drugs that require intraocular 
injection for their major effect are 
limited in their applicability to cur- 
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rent human surgery for proliferative 
vitreoretinopathy. At the conclusion 


of surgery, employing the most widely 
used techniques, the cellular mem- 


branes have been dissected, the retina 
reattached, and the eye left filled with 
gas or silicone. Injection of drug can- 
not be done because of the possibility 
of enhanced toxic reactions because 
high drug cencentrations will be lay- 
ered directly on the retinal surface in 
the air-filled or silicone-filled eye. An 
intraocular injection is not recom- 
mended until after surgery when the 
gas bubble B less than 50% of intra- 
ocular volume.’ Since many surgeons 
maintain a level of greater than 50% 
of the ocular volume for up to ten 
days, the application of antiprolifera- 
tive agents is delayed significantly. 
Additionally, washout of fluorouracil 
injected intraocularly proeeeds at a 
faster rate after vitrectomy and the 
toxicity of tae drug is increased. 

To overcome the difficulties of 
intraecular injections, subconjuncti- 
val injections have been attempted. 
Subconjunctival injection of fluo- 
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rouracil gives a much smaller intra- 
ocular concentration of the drug. Fur- 
thermore, significant corneal compli- 
cations have been reported after its 
use in both vitreous and glaucoma 
surgery.'53! 

In contrast to these problems, 
external beam irradiation can be 
applied beginning on the day of sur- 
gery when the number of cells and 
cellular membranes have been me- 
chanically reduced to the lowest possi- 
ble level. It can be given equally well 
in the air-filled eye and the silicone- 
filled eye. Unlike subconjunctival 
intraocular injections, there is no dis- 
comfort nor is there any risk of 
endophthalmitis. The doses studied 
herein are thought to be free of com- 
plications, such as radiation retinopa- 
thy and interference with wound heal- 
ing. Cataract may occur with these 
doses, but rarely should be a practical 
problem since almost all eyes 
undergoing surgery for proliferative 
vitreoretinopathy are aphakic after 


surgery. 
A single dose of 6 Gy (600 rad) is 
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Photocoagulation Does Not Ablate Angiogenic 
Markers in Rabbit Retina 


Peter A. Campochiaro, MD, Steven H. Blaydes 


@ Panretinal photocoagulation (PRP) in 
rabbits produces treatment areas consist- 
ing of destroyed outer retina and intact 
inner retina separated by areas of normal- 
appearing retina. Intravenous iodoace- 
tate produces widespread destruction of 
the outer retina with sparing of the inner 
retina, approximating total, confluent 
PRP. After PRP (at three weeks), intrave- 
nous injection of iodoacetate (at three 
weeks or four months), and in control 
rabbits, eyes were harvested and retinas 
were homogenized in a balanced salt 
solution. Retinal homogenates were mea- 
sured for three markers of angiogenic 
activity: vascular endothelial cell migra- 
tion, proliferation, and production of plas- 
minogen activator. Retinas subjected to 
PRP or intravenous iodoacetate (at three 
weeks or four months) stimulated migra- 
tion and proliferation above baseline lev- 
els twice as much as control retinas and 
stimulated plasminogen activator produc- 
tion by twofold to 2.5-fold. These data 
suggest that PRP does not eliminate the 
ability of the retina to produce angiogenic 
activity, but rather exerts its antiangio- 
genic effect in an indirect fashion. 

(Arch Ophthalmol 1988; 106:676-679) 


f anete retinopathy is one of the 
major causes of blindness and 
visual morbidity in the United States. 
Most of the severe blinding complica- 
tions are related to the development 
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of neovascularization (NV). Panreti- 
nal photocoagulation (PRP) has been 
demonstrated to markedly reduce the 
risk of severe visual loss in diabetic 
patients with moderate or marked 
NV.'? This beneficial effect on vision 
is associated with regression of NV 

The mechanism by which PRP 
causes regression of NV is unknown. 
This issue is complicated by the fact 
that the mechanism by which NV 
develops also is not known with cer- 
tainty. There is, however, good evi- 
dence linking capillary nonperfusion 
to the development of NV,*’ suggest- 
ing that retinal hypoxia may play a 
role. There is also some evidence 
implicating a retina-derived angio- 
genic factor(s),*® the production or 
release of which may be stimulated by 
retinal hypoxia. The ascendancy of 
this theory may, in part, be responsi- 
ble for the tacit assumption that reti- 
nal photocoagulation works by ablat- 
ing ischemic retina, thereby eliminat- 
ing the source of an angiogenic factor, 
which is required for the maintenance 
of NV. 

In this study, we measured three 
biochemical markers for angiogenesis 
in rabbit retina before and after pho- 
tocoagulation to see if retinal photo- 
coagulation results in ablation of 
angiogenic activity. 


MATERIALS AND METHODS 


Pigmented rabbits (15) were anesthe- 
tized with xylazine (5 mg/kg) and ketam- 
ine hydrochloride (35 mg/kg), and their 
pupils were dilated with 2.5% phenyleph- 
rine hydrochloride drops. The right eyes 
were treated with argon blue-green laser 
photocoagulation, while the left eyes 
served as controls. The Rodenstock lens 
and a 300-um spot size were used for the 
posterior and midperipheral area of the 


retina, and the Goldmann lens and a 500- 
um spot size were used for the far periph- 
ery. The power was titrated to give moder- 
ate intensity burns that rarely required 
more than 200 mW. Particular care was 
taken to avoid rupture of Bruch’s mem- 
brane. A tight pattern of photocoagulation 
was used to treat the entire retina, except 
the area of the optic nerve and myelinated 
nerve bundle (Fig 1). This required 1000 to 
1200 burns. Another group of pigmented 
rabbits received two intravenous doses of 
iodoacetate, 15 mg/kg, eight hours apart, 
which has previously been demonstrated to 
cause selective loss of photoreceptors." 

After three weeks (four months for one 
group of rabbits treated with intravenous 
iodoacetate), the rabbits were killed and 
their eyes were enucleated. Two eyes from 
each group were fixed in 10% buffered 
formaldehyde and examined by light 
microscopy. The remainder of the eyes in 
each group (13) were iced. The anterior 
segments and the vitreous were removed, 
and under a dissecting microscope, the 
retinas were carefully dissected free of 
contamination from other ocular struc- 
tures, pooled, and placed in balanced salt 
solution on ice. After one hour the retinas 
were homogenized and centrifuged at 
12000 g for five minutes. The supernatants 
were passed through a 0.45-um filter and 
stored at —20°C until used in various 
assays. Protein content was determined by 
the method of Lowry et al, and an equiv- 
alent protein concentration of 0.2 mg/mL 
was used for each assay. Homogenates 
were assayed for their ability to stimulate 
vascular endothelial cell migration, prolif- 
eration, and productien of plasminogen 
activator. 

Bovine aortic endothelial cells were cul- 
tured by the procedure of Fenselau and 
Mello.? They were maintained in Eagle’s 
minimal essential medium (MEM) supple- 
mented with 10% fetal calf serum. They 
were passaged once a week, and cells at 
passages 8 through 12 were used for all 
experiments. 

Endothelial cell migration was mea- 
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Fig 1.—Appearance of rabbit fundus following panretinal photocoagulation. 


surec, using a modified Boyden chamber 
apparatus.’ Retinal homogenates diluted 
to a protein concentration of 0.2 mg/mL in 
MEM were placed in the bottom wells and 
covered with a collagen-coated polycarbon- 
ate membrane containing 5-um pores. 
Endothelial cells suspended in MEM at a 
concentratien of 6.0 X 10° cells per millili- 
ter were placed in top wells. After five 
hours ef imcubation at 57°C, the mem- 
branes were removed, and all cells were 
scraped from the upper side, leaving only 
cells nat had migrated through the pores. 
After fixatien and staining, the number of 
cells m ten X400 fields were counted for 
each well. 

Ensothelial cell proliferation was mea- 
surec in cell-counting assays." Cells at a 
concentratien of 4.0 X 10* cells per millili- 
ter were plated in 24-well plates. After 
attacmoment, they were transferred to 
serur+free media for 24 hours, and then 
retinal homogenates diluted to 0.2 mg/mL 
in MEM were added to each well. After 48 
hours. the cells were trypsinized and 
counted in an electronic cell counter (Coul- 
ter). 

The productiomof plasminogen activator 
(PA) by endothelial cells was measured in 
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fibrin degradation assays.'* Media (0.3 mL) 
that had been conditioned on endothelial 
cells for 48 hours in the presence and ab- 
sence of retinal homogenates (0.2 mg/mL) 
were placed in wells coated with fibrin 
labelled with iodine 125. Plasminogen (4 ug) 
was also added to each well. After a two- 
hour incubation at 37°C, the media were 
harvested and radioactivity was counted by 
liquid scintillation spectroscopy. 

Each assay was performed in triplicate 
(duplicate for fibrin degradation) and 
numbers reported represent the mean (+ 
SEM) from three experiments. 


RESULTS 


Compared with control retinas (Fig 
2, top), eyes treated with PRP showed 
focal areas of destruction and com- 
plete loss of the outer layers with 
fairly good preservation of the inner 
layers (Fig 2, center). Intravenous 
iodoacetate was used to produce an 
effect that, like photocoagulation, 
involves selective loss of the outer 
retina with relative sparing of the 
inner retina (Fig 2, bottom). Unlike 


photocoagulation, however, intrave- 
nous iodoacetate affects the entire 
retina in a diffuse manner and, there- 
fore, is analagous to total confluent 
photocoagulation (Fig 2, bottom). 
Three weeks after treatment with pho- 
tocoagulation or intravenous iodoace- 
tate, few inflammatory cells were 
present in the treated retinas (Fig 2, 
center), but to explore further the 
possible role of iniammation, some 
rabbits were followed up for four 
months after intrawenous iodoacetate 
injection, a sufficiently long period to 
allow resolution of any inflammatory 
response (Fig 2, bottom). 

Vascular endothetial cell migration 
and proliferation play an important 
role in angiogenesis,'® and have been 
demonstrated te be in vitro markers 
for angiogenic activity.’ Retinal 
homogenates from control eyes 
caused marked stimulation of vascu- 
lar endothelial cell migration (Table 
1). Retinal homogenates from eyes 
three weeks after PRP or intravenous 
iodoacetate injection, or four months 
after intravenous iodoacetate injec- 
tion, caused approximately twice the 
stimulation of endothelial cell migra- 
tion caused by centrol retinal homoge- 
nates (Table 1). Similarly, retinal 
homogenates from control eyes 
caused a moderate stimulation of 
endothelial cell proliferation, while 
homogenates from eyes treated with 
PRP or intravenous iodoacetate (at 
three weeks or four months) caused 
increases that were approximately 
twofold greater (Table 2). 

Vascular endctheial cells produce a 
PA that may function in basement 
membrane degradation during new 
vessel formation.’ Therefore, stimu- 
lation of PA production by endothelial 
cells is another in vitro marker for 
angiogenic activity. Media condi- 
tioned on endothelial cells caused a 
baseline degradation of ‘I-labeled 
fibrin that was 84% above back- 
ground levels (Table 3). When media 
supplemented with 0.2 mg/mL of con- 
trol retinal homogenate was used to 
condition endothelial cells, it stimu- 
lated '**I-labelec fibrin degradation by 
148% above the baseline level, while 
media supplemented by homogenates 
from each of the three treatment 
groups caused an increase twofold to 
2.5-fold greater than that caused 
by control retinal homogenates (Ta- 
ble 3). 


COMMENT 


In this study, we examined the 
effect of PRP on angiogenic markers 
in rabbit retina. The markers chosen 
represent three independent cellular 
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Fig 2.—Histologic appearance of rabbit reti- 
nas after no treatment (top), three weeks after 
panretinal photocoagulation (center), or four 
months after intravenous iodoacetate injection 
(bottom) (X500). 


Table 1.—Effect cf Panretinal 
Photocoagulation (PRF) or Intravenous 
lodoacetate on Ability of Rabbit 
Retina to Stimulate Vascular 
Endothelial Cell Migration * 


Migrated % 
Cells per Ten Above 
X400 Fields Baseline 


Media 
alone 276.7 + 
Retinal homogenate 
Control 472.3 
PRP 611.5 
lA 570.9 + 


Pa r“ IA2 626.0 


* PRP represents three weeks after PRP, IA; 

` ; represents three weeks after intravenous iodoace- 

tate injection, and IA represents four months after 

n , , iodoacetate injection. Each value represents mean 

(+ SEM) of three separate experiments performed in 
triplicate. 

tP < .05 for difference fromcontrol by Student's t 

test. 
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Table 2.—Effect of Panretinal 
Photocoagulation (PRP) or Intravenous 
lodoacetate on Ability of Rabbit 
Retina to Stimulate Vascular 
Endothelial Cell Proliferation * 


% Above 
Baseline 


Media alone 96324 + 8286 

Retinal homogenate 
Control 146413 + 12541 52 
PRP 187 832 + 18222t 95 
lA, 220 582 + 15837t 129 

+ 20978t 100 


IA2 192 649 





*PRP represents three weeks after PRP, IA, 
represents three weeks after intravenous iodoace- 
tate injection, and IA represents four months after 
iodoacetate injection. Each value represents mean 
(+ SEM) of three separate experiments performed in 
triplicate. 

tP < .05 for difference from control by Student’s t 
test. 
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processes that have been implicated in 
angiogenesis and provide a quantita- 
tive assessment of angiogenic activity. 
We expected that ablation of a portion 
of the outer retina by PRP would 
decrease angiogenic markers in the 
retina. Instead, we found that retina 
treated with PRP shewed enhanced 
activity for each of the three markers. 
One possible explanation is that our 
pattern of PRP was too loose to 
achieve an ablative effect (though we 
had attempted to produce a fairly 
tight pattern [Fig 1]). We therefore 
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Table 3:—Effect of Panretinal 
Photocoagulation (PRP) or Intravenous 
lodoacetate on Ability of Rabbit 
Retina to Stimulate Vascular 
Endethelial Gell Production of 
P*asminogen Activator * 








% Above 
Baseline 







ECCM-conrol 
RH 2933 + 90 148 
ECCM-PRF 
RH 4267 144t 260 
ECCN-IA, RH 
ECCN-lA> RH 









*ECCM represents media conditioned on vascu- 
lar endothelia’ cells; ECCM-control RH represents 
media containing 0.2 mg/mL of control retinal 
homogenate conditioned on endothelial cells; ECCM- 
PRP RH represents media containing 0.2 mg/mL of 
homogenate ‘rom lasered retinas conditioned on 
endothelial cells; ECCM-IA; RH represents media 
containing @.2 mg/mL of homogenate from retinas 
three weeks efter iodoacetate injection conditioned 
on endothelia cells; amd ECCM-lA2 RH represents 
media centairing 0.2 mg/mL of homogenate from 
retinas four menths after iodoacetate injection condi- 
tioned om encothelial cells. Each value represents 
mean (+SEM» of three separate experiments per- 
formed im dupecate. 

tP < 01 fe difference from control by Student's t 
test. 


used pharmacologic means, injection 
of intravenous iodoacetate, to produce 
an effect similar to PRP but present 
diffusely tarougheut the entire retina. 
Homogenetes from retinas treated in 
this manner also showed an enhance- 
ment rather than a decrease in each of 
the angiegenic markers. Another pos- 
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sible explanation is that infiltration 
of inflammatory cells in treated reti- 
nas resulted in the enhanced activity. 
Though histologic sections of treated 
retinas did not support this idea, it 
was further explored by examining 
angiogenic markers in retinas four 
months after treatment with intrave- 
nous iodoacetate. These retinas also 
showed increases in each of the three 
markers that were not significantly 
different from those caused by retinas 
harvested three weeks after intrave- 
nous injection ef iodoacetate. These 
data suggest that destruction of the 
outer retina by PRP or by other 
means does not decrease the ability of 
the retina to produce angiogenic 
activity. 

Intravitreous injection of kainic 
acid results in fairly selective destruc- 
tion of the inner retina and also fails 
to cause a decrease in angiogenic 
markers.” Thus, it appears that the 
inner and outer retina are capable of 
producing angiogenic activity, but it is 
not clear why, under the conditions of 
this study, damage to the outer retina 
results in enhancement of this ability. 
It is possible that though the inner 
retina appears normal, it is greatly 
altered by loss of synaptic connections 
as well as by other possible sequelae 
of the treatment. This could result in 
an enhanced ability to produce 
angiogenic activity under certain con- 
ditions. Though the conditions of this 
study (killing of the animal, dissection 
of the retina, a one-hour incubation, 
and homogenization) are apparently 
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sufficient for expression of this 
enhanced ability, it may not be mani- 
fested in vivo. Therefore, this study 
does not necessarily suggest that PRP 
enhances the production of angiogenic 
activity from retina, but it does sug- 
gest that PRP does not inhibit the 
ability of retina to produce it under 
the appropriate conditions. 

If PRP does not directly ablate 
angiogenic activity in retina, then 
how does it result in involution of NV? 
One possible explanation is that it 
alters the conditions of the remaining 
viable retina so that its ability to 
produce angiogenic activity is less 
likely to be expressed. Oxygen tension 
is significantly greater in the overly- 
ing photocoagulated retina compared 
with normal retina, suggesting that 
PRP may decrease hypoxia in remain- 
ing viable retina. If hypexia is a major 
stimulus for production of angiogenic 
activity, as is thought to be the case,” 
then PRP might decrease the expres- 
sion of angiogenic activity, even 
though it does not eliminate the abili- 
ty of the retina to express it. 

In conclusion, this study suggests 
that PRP does not act by directly 
eliminating angiogenic activity in 
treated retina, but rather produces its 
effects in an indirect manner. Further 
elucidation of the mechanism of 
action of PRP is needed to try to 
optimize its effects and develop ways 
to mimic them through other means. 
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Photothrombosis of Corneal Neovascularization by 


Intravenous Rose Bengal and Argon Laser Irradiation 


Andrew J. W. Huang, MD, MPH; Brant D. Watson, PhD; Eleut Hernandez; Scheffer C. G. Tseng, MD, PhD 


@ Management of corneal neovascular- 
ization by photocoagulation has been lim- 
ited and rarely successful. We evaluated 
the efficacy and safety of the novel tech- 
nique of photothrombosis to occlude cor- 
neal neovascularization. Sixteen rabbit 
corneas with previous ocular surface 
wounds that had healed with 360° exten- 
sive neovascularization (persistent for 20 
months) were used. After an intravenous 
injection of rose bengal solution (40 mg/ 
kg of body weight [BW]), each vessel on 
the upper half of the cornea was occluded 
with a photochemically induced thrombus 
within ten shots of argon laser irradiation 
(514.5 nm, 130 mW, 63 um, 0.2 s); those 
on the lower half were used as an internal 
control. Throughout the four-month study 
period, the treated vessels remained 
occluded, as evidenced by corneal fluo- 
rescein angiography. Corneal clarity was 
improved after treatment. A single injec- 
tion of rose bengal at a dose of 8 mg/kg 
of BW or higher was sufficient for suc- 
cessful photothrombotic occlusion of cor- 
neal vessels within one hour of experi- 
mentation. Transient elevations of serum 
urea nitrogen, aspartate aminotransfer- 
ase, alanine aminotransferase, alkaline 
phosphatase, and total bilirubin levels 
and decrease of serum phosphorus level 
were noted on the first day after injection 
with 40 mg/kg of BW of rose bengal 
solution. 

(Arch Ophthalmol 1988; 106:680-685) 


orneal neovascularization is a com- 

mon clinical problem in ophthal- 
mology. Although visual acuity is usu- 
ally impaired and corneal function 
compromised, successful clinical man- 
agement of this problem has been 
limited. Clinical observations of ocu- 
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lar injury and studies of ocular sur- 
face trauma in animal models have 
established that a total corneal epi- 
thelial defect extending beyond the 
limbus can be healed only by the 
remaining conjunctival epithelium.'’ 
Extensive neovascularization is often 
noted on the corneal surface, and the 
ingrowing conjunctival epithelium 
retains its morphologic characteris- 
tics, as shown by the persistence of 
goblet cells on the corneal surface.*>’ 
Clinically, similar findmgs of con- 
junctivalization of the irjured cornea 
and extensive neovascularization are 
often associated with conditions such 
as ocular chemical injury. Corneas 
with this abnormal epithelium tend to 
be irregular and susceptible to chronic 
inflammation and recurrent erosion. 
Since the model of surface trauma- 
induced corneal neovascularization 
resembles this clinical problem, we 
chose it as the experimental model for 
this study. 

Photocoagulation by argon laser 
has been employed to treat corneal 
neovascularization ê”; however, recur- 
rence of corneal neovascularization is 
frequently noted, presumably due to 
light-induced thermal damage and 
increased inflammatory response. We 
report herein the application of a 
newly developed photosensitizing 
technique—photothrombosis—for the 
management of corneal reovasculari- 
zation. Photothrombosis refers to ves- 
sel occlusion mediated by aggregating 
platelets responding to photochemi- 
cally induced endothelia’. damage.'*” 
In this study, the interaction of argon 
laser irradiation with «he intrave- 
nously injected phocosensitizing 
dye—rose bengal—was utilized to 
facilitate permanent occlasion of cor- 
neal neovasculature. To further evalu- 
ate the potential clinical application 
of photothrombosis in treating corne- 
al neovascularization, the efficacy and 
safety of intravenous rose bengal 
injection were also investigated. 


MATERIALS AND METHODS 
Induction of Corneal Neovascularization 


The New Zealand albino rabbits used in 
this study were part of a larger group in 
which the corneal and limoal epithelia, 
along with the conjunctival epithelium (2 


to 3 mm beyond the limbus), were removed 
by a combination of surgical scraping and 
n-heptanol débridement. The denuded cor- 
neal surfaces were then healed by the 
remaining conjunctival epithelium, 65% of 
which contained extensive neovasculariza- 
tion. From this subgroup, 16 corneas with 
neovascularization persistent for approxi- 
mately 20 months were used in this 
study. 


induction of Phctothrombosis 
With Rose Bengal Solution 


Various concentrations of rose bengal 
(molecular weight, 1018 daltons, certified 
grade, Aldrich Chemical Co, Milwaukee) 
were dissolved in normal saline solution 
and filter sterilized fer intravenous use. 
The highest concentration that could be 
achieved was 100 mg/mL. The pH of an 
isotonic saline solution of rose bengal at a 
concentration of 15 mg/mL was 6.80. Iso- 
tonic saline solution was used as a control 
solution. 

After anesthesia with intramuscular 
injection of xylazine hydrochloride (10 mg/ 
kg of body weight [EW]) and ketamine 
hydrochloride (10 mg/kg of BW), the rab- 
bits were injected imtravenously with 
either 2.5 mL of isotonic saline solution or 
rose bengal saline solution at a dosage of 
40 mg/kg of BW. Irradiation of corneal 
vessels was carried out with an argon ion 
laser (Model 95, Cooper LaserSonics, Fre- 
mont, Calif) operated at 514.5 nm, as 
described previously.” The beam-focusing 
apparatus was mounted in an X-Y posi- 
tioning device attached to a rotary turnta- 
ble, both with micrometer precision (Dae- 
dal Inc, Harrison City, Pa). With this 
apparatus, beam positioning stability and 
reproducibility of incident intensity were 
improved because irradiation pulses were 
administered during the open cycle of the 
mechanical shutter. The incident power 
level was set at 200 mW, and then, allowing 
for reflection losses in the fiberoptic focus- 
ing system, the incident power was reduced 
to 130 mW. At the foeal point, the laser 
beam was 63 um in diameter. Each irradi- 
ation was 0.2 s in pulse duration. During 
the entire procedure, the corneas were 
continuously rinsed with a balanced salt 
solution delivered through a peristaltic 
pump; the temperature of the solution was 
maintained at 37°C with a water bath. 
After laser irradiation, topical antibiotics 
and steroids were applied for two days. 


Clinical Observations 
During Photothrombosis 


After intravenous administration of 
rose bengal solution, the blood vessels on 
the vascularized corneas were subjected to 
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laser irradiation, which was applied 
toward vascular branching points of the 
limbal feeder vessels. The irradiation was 
confined te the neovascularization on the 
. limbus and adjacent peripheral cornea. 
Precautions were taken to avoid irritating 
the underlying tisswe. The laser applica- 
tion was viewed threugh a X32 Zeiss oper- 
ating microscope fitted with a 514.5-nm 
interference rejection filter. On irradia- 
tion, orange fluorescence arising from rose 
bengal im the bloodstream could be 
observed in the target vessel. Vasocon- 
striction at the site of irradiation was 
noted following the initial two or three 
laser shots. During irradiation, the target 
vessels assumed a mottled appearance due 
to the formation of whitish thrombi super- 
imposed on the reddish background of 
flowing blood. The vessel then gradually 
relaxed. As the laser treatment proceeded, 
the orange fluorescence of rose bengal 
became less intense due to platelet accu- 
mulation and exclusion of erythrocytes. 
Finally, the entire irradiated segment 
became colorless as the thrombus ex- 
panded to encompass the lumen, indicating 
complete occlusion ef the vessel. No throm- 
botic effect was observed in the control 
corneal vessels when they were irradiated 
with argon laser light in the absence of 
rose bengal, or with isotonic saline injec- 
tion. The above findings indicated that 
vessel occlusiomcan be achieved only in the 
- presence of rose bengal at the power set- 
ting employed in this study. 


External Photography and 
Corneal Fluorescein Angiography 


Routine externa! photography and cor- 
neal fluereseein angiography were per- 
formed to document ecclusion of the corne- 
al blood vessels and the duration of their 
occlusion. Angiograms were obtained with 
a ceiling-mounted Zeiss surgieal photo- 
scope after injectien of 1 mL of 10 mg/mL 
of fluorescein solution. Baseline angiogra- 
phy was performed two or three days 
before laser irradiation to avoid possible 
photosensitizing effects from the fluores- 
cein dye. After photothrombotic treat- 
ment, angiograms were obtained on sched- 
uled dates to moniter the duration of the 
occlusive effect. Late-phase (five minutes 
after injection) fluorescein angiograms 
were used for comparison. 


Efficacy and Toxicity 
Studies of Rose Bengal 


To determine the minimal dose required 
to achieve the photothrombotic effect, sep- 
arate groups of rabbits with neovasculari- 
zation lasting 12 weeks were injected with 
various doses of intravenous rose bengal 
(40, 16, 8, and 4 mg/kg of BW). Three 
vessels of similar size from the same vas- 
cularized cornea were irradiated at each 
dose at consecutive ten-minute intervals. 
The number of shots required to achieve 
occlusion was recorded for each vessel; the 
mean value (+SD) of the set of three was 
reported. 

To further investigate the possible sys- 
temic toxicity of rose bengal, the blood 
chemistry profile was studied before and 
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after the administration of the various 
doses of rose bengal. Five rabbits were 
used for each dose except for the dose of 40 
mg/kg of BW, which ten rabbits received. 
Three blood samples (3 mL each) were col- 
lected from each rabbit before and one and 
five days after injection of rose bengal. The 
laboratory investigations included a blood 
chemistry profile using an automated mul- 
tiple analysis system (glucose, sodium, 
potassium, chloride, carbon dioxide, creati- 
nine, total protein, serum urea nitrogen, 
phosphorus, calcium, albumin, amylase, 
cholesterol, alkaline phosphatase, aspar- 
tate aminotransferase [AST], alanine 
aminotransferase [ALT], and total biliru- 
bin). Results were analyzed under a con- 
tract with the Clinica! Pathology Laborato- 
ry at Jackson Memorial Hospital, Miami. 


RESULTS 
Clinical Observations After 
Photothrombosis 


Immediately after the completion 
of photothrombosis, the treated upper 
portion of the cornea remained rela- 
tively clear of rose bengal, but the 
untreated lower portion was subse- 
quently infiltrated with extravasated 
dye. One day after treatment with 
photothrombosis, the rabbit conjunc- 
tiva became edematous and slightly 
pinkish, presumably due to the reten- 
tion of extravasated rose bengal. The 
condition was effectively treated with 
topical steroid and antibiotic therapy; 
the corneas appeared normal within 
two or three days. This side effect was 
noted only in rabbits injected with 40 
mg/kg of BW of rose bengal, but not 
in those who received lower doses, 
indicating that this side effect is a 
dose-dependent phenomenon. 

One week after irradiation, the 
occluded corneal vessels gradually 
involuted and the corneal surface of 
the treated area became smoother, 
with improved corneal clarity. As 
demonstrated in the external photo- 
graphs (Fig 1), the visibility of iris 
detail was notably enhanced after 
treatment. 

Occlusion of corneal vessels was 
also confirmed by corneal fluorescein 
angiography (Figs 1 and 2). Abundant 
corneal vessels with diffuse extrava- 
sation of fluorescein dye were invari- 
ably observed on the vascularized cor- 
neas before treatment. After photo- 
thrombosis, the treated vessels were 
completely occluded, without any dye 
leakage. The vessels remained oc- 
cluded, as shown in the follow-up 
angiograms (Figs 1 and 2), and gradu- 
ally involuted, without recanalization 
or stimulation ef new vessel forma- 
tion elsewhere during the four-month 
study period. As confirmed by fluores- 
cein angiograms and external photo- 
graphs, no iris Gamage as a result of 


photoirradiation was noted in this 
study. 


Efficacy of Photothrombosis 
With Different Concentrations 
of Rose Bengal 


Various doses of rose bengal solu- 
tion were used to investigate the effi- 
cacy of photothrombosis. The results 
are summarized in Table 1. At the 
same laser irradiation settings used in 
this study, the vessels could be oc- 
cluded effectively with a dose as low 
as 8 mg/kg of BW, administered in 
one bolus. The irradiation period 
could be extended to at least one hour 
after the injection, although with 
decreased occlusive efficacy. At the 
dose of 4 mg/kg of BW, the vessels 
could still be occluded within 30 
minutes, provided that sufficient 
shots were applied. In view of practi- 
cal clinical circumstances, application 
of more than 30 shots to achieve occlu- 
sion of a single vessel was considered 
to exceed the limit of effectiveness in 
this study. 

Because fewer than 30 shots per 
target vessel at a dose of 8 mg/kg of 
BW or higher of rose bengal were 
required to achieve photothrombotic 
occlusion, an experimentation time of 
one hour was sufficient for treatment 
of extensively vascularized corneas. 
Consequently, it was not necessary to 
administer a booster injection of rose 
bengal solution to maintain a blood 
level sufficient to mediate the photo- 
thrombotic effect. The fact that more 
than 100 shots were required to 
occlude blood vessels at the dose of 4 
mg/kg of BW further supports the 
notion that photocoagulation, ie, irra- 
diation (without rose bengal), at the 
present settings could not achieve 
effective occlusion. 


Toxicity Study of 
Intravenous Rose Bengal 


To investigate possible systemic 
side effects of rose bengal, we studied 
the blood chemistry profiles of 
healthy rabbits before and after 
intravenous injection of rose bengal. 
Four practical doses, ie, 40, 16, 8, and 4 
mg/kg of BW, were administered. 
External examination on day 1 after 
injection revealed a slightly pinkish 
discoloration of the mucosal surfaces, 
including the nictitating membrane, 
conjunctiva, and nostril these effects 
were not apparent after day 2. Neither 
lethargy nor change of appetite was 
noted throughout the first week fol- 
lowing injection. 

The results of the blood chemistry 
analyses are summarized and partial- 
ly listed in Table 2. Compared with 
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Fig 1.—Top left, External photograph of vascularized cornea before photothrombosis. Neovascularization had been 
persistent for 20 months before treatment. Surface cloudiness and irregularity are apparent. Top right, Corneal fluorescein 
angiogram before treatment. Note diffuse dye leakage from corneal vessels. Bottom left, External photograph of same 
vascularized cornea one week after treatment. Untreated lower cornea remained vascularized, while vessels on upper 
cornea were occluded. Bottom right, Corneal fluorescein angiogram one week after treatment. Only untreated lower cornea 
was perfused with fluorescein. Asterisk indicates corneal orientation, and arrows bracket treated area. 


the pooled data from 25 healthy con- 
trol rabbits without injection, results 
of all analyses were within the normal 
range, except in the group that 
received the highest dose of 40 mg/kg 
of BW. At this dose, serum urea nitro- 
gen, liver enzyme (alkaline phospha- 
tase, AST, ALT), and total bilirubin 
levels were significantly elevated, and 
the phosphorus level was decreased on 
day 1 but returned to the normal 
range on day 5 (Table 2). 


COMMENT 


In this study, we demonstrated that 
the technique of photothrombosis, 
facilitated through intravenous rose 
bengal injection and argon laser irra- 
diation, can effectively occlude corne- 
al neovasculature. The photothrom- 
botic technique differs fundamentally 
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from the common technique of photo- 
coagulation. Because photothrombo- 
sis is mediated by electronic-state 
transitions between the photosensitiz- 
ing dye and molecular oxygen," 
thermal damage to the endothelium is 
not necessary to induce thrombosis. In 
contrast, induction of thermal effects 
is the basis of photocoagulation. Con- 
sequently, occlusion of vessels can be 
facilitated by much lower intensities 
of incident laser light compared with 
those required in photecoagulation. 
By way of comparison, in a recent 
study of experimental lipid keratopa- 
thy,” occlusion of cornea! neovascula- 
ture by photothrombosis was com- 
pleted with eight times less intensity 
and 27 times less energy deposited 
than in a previous attempt using pho- 
tocoagulation." 


Argon laser photocoagulation has 
been used to treat corneal neovascu- 
larization with only limited suecess 
due to the impermanence of the occlu- 
sive effect. However, as observed in 
this study, the photothrombosed cor- 
neal vessels remained completely 
occluded for at least 16 weeks. The 
long-lasting effect of photothrombo- 
sis may be attributed to its resistance 
to fibrinolysis, since rose bengal- 
induced thrombi have been shown 
previously'”'’ to be composed almost 
entirely of aggregated platelets with 
little or no fibrin; this explains their 
resistance to lysis by tissue-type plas- 
minogen activator.'® To further illus- 
trate the photothrombotic processes, 
we are currently studying the compo- 
sitions of photochemically induced 
thrombi. 
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“| go from the studio one day to location the next. Then 
into the darkroom or back to my office. The only way | can 
keep a schedule is to see it in front of me. 

Thats how | know what to do next” 





Out of sight, out of mind. It’s a time-worn expression, but 
one that still holds important implications for proper dosing. 

For many patients, a simple visual cue can go a long way 
to prompt the next dose. 

Since 1980, Propine has provided glaucoma patients with 
twice-daily IOP control. But now, with the addition of Allergan’s 
exclusive C Cap, Propine can add a compliance advantage to 
your therapy. 

Propine with C Cap: 

- Tracks next dose to be taken, and 

- Minimizes confusion for patients on multidose therapy 

or multiple medications. 

Propine with C Cap is available in 5 mL and 10 mL 
bottles. Propine is also available without C Cap. 

Please see adjacent page for brief summary of 
prescribing information. 
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ENCOURAGE COMPLIANCE. 
PROPINE® WITH C CAP™ 
Propine with C Cap encourages proper dosing by: 
e Tracking next dose to be taken, and 


° Minimizing confusion for patients on multidose 
therapy or multiple medications. 


PROPINE® (dipivefrin HCl) 


sterile ophthalmic solution, USP, 0.1% with 
TM 
C CAP Compliance Cap B.I.D. 


INDICATIONS: Propine (dipivefrin HCI) is indicated as initial therapy 
for the control of intraocular pressure in chronic open-angle glaucoma. 
Patients responding inadequately to other antiglaucoma therapy may 
respond to addition of Propine. In controlled and open-label studies 
of glaucoma, Propine demonstrated a statistically significant intraocular 
pressure-lowering effect. Patients using Propine twice daily in studies 
with mean durations of 76-146 days experienced mean pressure reduc- 
tions ranging from 20-24%. Therapeutic response to Propine twice daily 
is somewhat less than 2% epinephrine twice daily, Controlled studies 
showed statistically significant differences in lowering of intraocular 
pressure between Propine and 2% epinephrine. In controlled studies 
in patients with a history of epinephrine intolerance, only 3% of patients 
treated with Propine exhibited intolerance, while 55% of those treated 
with epinephrine again developed intolerance. Therapeutic response 
to Propine twice daily therapy is comparable to 2% pilocarpine 4 times 
daily. In controlled clinical studies comparing Propine and 2% pilocar- 
pine, there were no statistically significant differences in the main- 
tenance of IOP levels for the two medications. Propine does not produce 
miosis or accommodative spasm which cholinergic agents are known 
to produce. The blurred vision and night blindness often associated 
with miotic agents are not present with Propine therapy. Patients with 
cataracts avoid the inability to see around lenticular opacities caused 
by constricted pupil. CONTRAINDICATIONS: Propine® should not be 
used in patients with narrow angles since any dilation of the pupil may 
predispose the patient to an attack of angle-closure glaucoma. This 
product is contraindicated in patients who are hypersensitive to any 
of its components. WARNING: Contains sodium metabisulfite, a sul- 
fite that may cause allergic-type reactions including anaphylactic 
symptoms and life-threatening or less severe asthmatic episodes in 
certain susceptible people. The overall prevalence of sulfite sensitivity 
in the general population is unknown and probably low. Sulfite sensi- 
tivity is seen more frequently in asthmatic than in nonasthmatic people. 
PRECAUTIONS: Aphakic Patients. Macular edema has been shown to 
occur in up to 30% of aphakic patients treated with epinephrine. Dis- 
continuation of epinephrine generally results in reversal of the 
maculopathy. Pregnancy: Pregnancy Category B. Reproduction studies 
have been performed in rats and rabbits at daily oral doses up to 10 
mg/kg body weight (5 mg/kg in teratogenicity studies), and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
dipivefrin HCI. There are, however, no adequate and well-controlled 
Studies in pregnant women. Because animal reproduction studies are 
not always predictive of human response, this drug should be used 
during pregnancy only if clearly needed. Nursing Mothers. It is not known 
whether this drug is excreted in human milk. Because many drugs 
are excreted in human milk, caution should be exercised when Propine 
is administered to a nursing woman. Usage in Children. Clinical studies 
for safety and efficacy in children have not been done. Animal Studies. 
Rabbit studies indicated a dose-related incidence of meibomian gland 
retention cysts following topical administration of both dipivefrin 
hydrochloride and epinephrine. ADVERSE REACTIONS: Cardiovascular 
Effects. Tachycardia, arrhythmias and hypertension have been reported 
with ocular administration of epinephrine. Local Effects. The most fre- 
quent side effects reported with Propine alone were injection in 6.5% 
of patients and burning and stinging in 6%. Follicular conjunctivitis, 
mydriasis and allergic reactions to Propine have been reported infre- 
quently. Epinephrine therapy can lead to adrenochrome deposits in 
the conjunctiva and cornea. 
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Full-time academic position available for a Comprehen- 
sive Ophthalmologist at Indiana University School of 
Medicine. Applicants need to have completed a recog- 
nized residency in Ophthalmology, and be eligible for 
Indiana licensure and Board certification. Applicants 
should have a strong interest in teaching as the primary 
responsibility and will oversee a large general Ophthal- 
mology clinic which has 10,000-12,000 patient visits per 
year. Primary responsibilities include resident and med- 
ical student instruction in patient care, staffing of 
clinical and surgical patients as well as administrative 
duties related to the position. Private patient care 
activity also is encouraged. 


Indiana University is an Equal Opportunity and Affirma- 
tive Action employer. Send C.V. and list of references 
to: 

Robert Yee, M.D. 

c/o Sandra Eads 

Indiana University 

Department of Ophthalmology 
702 Rotary Circle 
Indianapolis, Indiana 46223 





Faculty Position 
Cullen Eye Institute 
Baylor College of Medicine 


Applications are invited for a faculty position in a major 
eye institute for a scientist with an interest in the 
mechanisms regulating tissue growth. Qualified appli- 
cants must have a Ph.D. or M.D. degree with strong 
postdoctoral experience in basic research. Successful 
applicant will be expected to establish a vigorous 
independent research program in one of the following 
areas: a) intraocular vascular proliferation, b) pigment 
epithelial cell proliferation and migration; or c) trophic 
factors, which would compliment other research pro- 
grams in vision and ophthalmology already under way in 
the department. Possibilities for joint appointments in an 
appropriate basic science department or graduate 
program in the college are desirable and encouraged. 
Rank and salary will be commensurate with experience 
and qualifications. Send curriculum vitae, a statement of 
research interest and names with addresses and 
telephone numbers of at least three references to: 

Dr. Joe G. Hollyfield 

Chairman, Search Committee 

Cullen Eye Institute 

Baylor College of Medicine 

Houston, Texas 77030 








Fig 2.—Top left, External photograph of cornea with persistent neovascularization for 20 months before treatment. Top right, 
Corneal fluorescein angiogram before treatment. Note diffuse leakage of fluorescein on vascularized cornea. Middle left, 
External photograph of same vascularized cornea two weeks after treatment. Increased corneal Clarity and visibility of iris 
Getaiis are evident. Middle right, Corneal fluorescein angiogram two weeks after treatment. No dye leakage is noted on upper 
half of cornea; nontreated lower half was perfused with fluorescein. Bottom left, External photograph 12 weeks after 
treatment. Vessels remained occluded, without new vessel formation. Bottom right, Corneal fluorescein angiogram 12 weeks 
after treatment. Vessels on upper half of cornea remained occluded; lower half displayed extravasated fluorescein. Asterisk 
indicates corneal orientation, and arrows bracket treated area. 
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Table 1.—Total Laser Shots to 
Occlude Each Vessel 






Total Laser Shots to Occlude 
Each Vessel by Dosage of 
Intravenous Rose Bengal, 

mg/kg of BW* 

Duration, —— 







H t H tt Ho 





*BW indicates body weight; NO, not occluded. 
Laser setting: 514.5 nm; 130 mW; 63 um; 0.2 s. Data 
are expressed as mean + SD from three different 
blood vessels of the same cornea. 


Another important aspect of the 
photothrombotic approach is avoid- 
ance of inflammatory responses in the 
cornea due to the irradiation process 
itself. The irradiation-induced inflam- 
mation can induce corneal neovascu- 
larization. This effect was observed in 
previous work in the context of lipid 
keratopathy, in which argon laser 
photocoagulation of corneal vessels 
induced inflammatory responses due 
to the high-intensity laser irradiation 
employed in that study.” Infiltration 
by polymorphonuclear leukocytes and 
subsequent edema stimulated in- 
growth of new vessels and resulted in 
more, rather than less, lipid deposi- 
tion in the laser-treated corneas.” In a 
similar recent study employing the 
rose bengal-assisted photothrombotic 
technique for occlusion of corneal new 
vessels, inflammatory responses were 
not stimulated; consequently, lipid 
accumulation in the treated corneas 
was found to be decreased by an aver- 
age of 36% compared with companion 
untreated corneas.” 

We have demonstrated that the 
method of rose bengal-induced photo- 
thrombosis, originally applied to 
occlude blood vessels under conditions 
of continuous irradiation” or high- 
repetition-rate irradiation," is also 
useful in applications requiring irra- 
diation with slow laser pulses, such as 
those employed in ophthalmic surgi- 
cal procedures. In particular, corneal 
neovascularization in rabbits can be 
thrombosed completely and perma- 
nently. In the slow pulse mode, it is 
not difficult to damage arterial endo- 
thelium photochemically at rates suf- 
ficient to attract platelet deposition; 
however, it is rather surprising and 
indeed fortunate that platelet degran- 
ulation and physiologically mediated 
aggregation can still be facilitated, 
despite continuing blood flow, until 
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Glucose, mmol/L 
(mg/dL) 

Sodium, mmol/L 

Potassium, mmol/L 

Chloride, mmol/L 

Carbon dioxide, 
mmol/L 

Urea nitrogen, mmol/L 
(mg/dL) 

Creatinine, umol/L 
(mg/dL) 

Protein, total g/L 
(g/dL) 

Albumin, g/L 
(g/dL) 

Bilirubin, total mol/L 
(mg/dL) 

Calcium, mmol/L 
(mg/dL) 

Phosphorous, mmol/L 
(mg/dL) 


Effects of Intravenous Rose Bengal on Blood Chemistry * 


auaa aiaia 


6.33 + 0.92 


(114.1 + 6.6) 


143.6 + 3.7 


104.0 + 4.6 


20.9 + 3.9 
6:07 + 1.32 


(17.0'% 3.7) 


106.8 + 15.3 
(1.4 + 0.2) 


51.0 + 4.0 
(5.1 + 0.4) 


41.0 + 4.0 
(4.1 + 0.4) 


12.0 + 1.7 
(0.7 + 0.1) 


3.39 + 0.22 


(13.6 + 0.9) 


2.07 + 0.23 
(6.4 + 0.7) 


Group 


40 mg/kg of BW 
(n = 10) 


———<— a 


Day 1 


6.07 + 1.13 
(109.4 + 20.3) 


143.2 + 3.0 


106.0 + 13.6 


20.2 + 6.5 
8.03 + 1.64 
(22.5 + 4.6)t 
106.8 + 22.9 
(1.4 + 0.3) 
49.0 + 4.0 
(4.9 + 0.4) 
39.0 + 3.0 
(3.9 + 0.3) 
22.2 + 13.7 
(1.3 + 0.8)+ 
3.42 + 0.22 
(13.7 + 0.9) 
1.68 + 0.42 
(5.2 + 1.3)§ 


Day 5 
7.45 + 1.60 


(134.2 + 28.9) 


141.2 + 1.8 


100.0 + 4.4 


24.5 + 2.3 
5.36 + 1.21 


(15.0 + 3.4) 


91.5 + 15.3 
(1.2 + 0.2) 


50.0 + 3.0 
(5.0 + 0.3) 


37.0 + 3.0 
(3.7 + 0.3) 


12:0 = 1.7 
(0.7 + 0.1) 


3.39 + 0.17 


(13.6 + 0.7) 


1.97 + 0.16 
(6.1 + 0.5) 


16 mg/kg 


of BW (n = 5) 


Day 1 
6.97 + 0.59 


(125.6 + 10.7) 


144.4 + 1.5 


101.8 + 2.8 


24.5 + 3.5 
5.36 + 0.93 
(15.0 + 2.6) 
106.8 + 15.3 
(1.4 + 0.2) 
48.0 + 1.0 
(4.8 + 0.1) 
37.0 + 1.0 
(3.7 + 0.1) 
13.7 + 1.7 
(0.8 + 0.1) 
3.47 + 0.05 
(13.9 + 0.2) 
1.97 + 0.06 
(6.1 + 0.2) 
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Phosphatase, alkaline 
U/L 121.4 + 42.4 


ALT, U/L 61.4 + 14.9 
AST, U/L 40.6 + 10.7 
Amylase, U/L 233.7 + 37.7 


Cholesterol, mmol/L 2.12 + 0.64 
(mg/dL) (81.8 + 24.9) 


2742 1.15 
(106.0 + 44.5) 


121.0 + 41.2 
89.4 + 22.0 
36.6 + 5.6 
216.0 + 144.6 


3.33 + 1.01 
(128.8 + 39.1) 


105.2 + 26.3 
75.2 + 18.6 
32.4 + 9.0 
237.0 + 28.1 


2.54 + 0.27 
(98.2 + 10.4) 





*BW indicates body weight; ALT, alanine aminotransferase; and AST, aspartate aminotransferase. All 


values are mean + SD. 
tP < .005. 
+P < .05. 
§P < .02. 
||P < .01. 


complete occlusion is observed. In 
small arteries (200 um or less) the 
thrombi consist almost entirely of 
tightly packed platelets, with no 
fibrin strands evident. Components 
such as fibrinogen and factor VIII, 
which are normally consumed during 
coagulation cascade activation for 
fibrin formation, are preserved in the 
photochemically induced thrombus 
(A.J.W.H., B.D.W., S.C.G.T., and R. 
Prado, MD, unpublished data, March 
1987). Accordingly, clots formed pho- 
tothrombotically will resist endoge- 
nously or exogenously mediated fibri- 
nolysis. The stability of these thrombi 
in the absence of fibrin incorporation 
may be based on reinforcement of 
intraplatelet fibrinogen bonding by 
thrombospondin released from plate- 
let a-granules, a process known to 
occur during the secondary, irrevers- 
ible phase of platelet aggregation.” ? 
The explosive nature of the platelet 
agglutination reaction, as stimulated 
by means of photodynamically medi- 
ated endothelial damage, is well 
suited to treatment of neovasculariza- 


tion in the clinical setting. Recently, 
this technique has been applied to 
occlude vasculature in the posterior 
segment, namely, in choroidal”? and 
retinal” vessels. 

To study the efficãey and minimal 
dosage required for this photothrom- 
botic technique, various doses of rose 
bengal were administered in an 
attempt to occlude corneal vessels. 
The results indicated that the effi- 
ciency of the occlusive effect is a dose- 
dependent phenomenon, ie, it is a 
function of blood concentration of 
rose bengal. From our results, corneal 
vessels in rabbits can be completely 
occluded provided that the initial dose 
of rose bengal is at least 8 mg/kg of 
BW. A slit lamp-assisted laser system 
should be far more efficient with 
respect to the number of laser appli- 
cations required to occlude each vessel 
(owing to its smaller spot size and its 
ability to locate vessels to be irra- 
diated); therefore, the total time tak- 
en for the procedure will be much less 
than that with our current system. 

Rose bengal is a halide derivative of 
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fluorescein (E, tetraiodo-tetrachloro- 
fluorescein amd has been shown to be 
uniformly acutoxic in humans in the 
dose of 10@ mg per person formerly 
used for @lsrimetric liver function 
studies.*! Beeause rose bengal is 
excreted threugh the liver, the poten- 
tial risk of using this medication at 
considerab-y tigher doses might be to 
induce abnermal liver function. How- 
ever, our stacy demonstrated only 
transient alteration of liver enzymes 
after injection of 40 mg/kg of BW of 
rose benga, ndicating that the sys- 
temic impact was probably minimal 
and reversbl=. 

The majer reason that the photo- 
thrombotic method is of potential 
clinieal significance is that the re- 
sponse of tne diseased cornea can be 
studied m the complete absence of the 
effects of neqzasculature. Previously, 
we heve demenstrated that vascular- 
ized corneas, which express conjuncti- 
val eharactesistics, usually suffer 
from reeur~emt corneal erosion, low- 
grade inflammation, irregular ocular 
surface leaGr= to compromised visual 
acuity, and persistent ocular irrita- 
tion. Suck carneal complications are 
lessened if che corneas become avas- 
cular. As demonstrated in this study, 
the integrity of vascularized corneas 
was notably improved after occlusion 
of the veses. In our concurrent 
studies, transiermation of the con- 
junctival epitaelium into a cornealike 
morphologie picture was also ob- 
served.” Conceivably, treating vascu- 
larized cornes with photothrombosis 
can render a cornea avascular and 
facilitate epi helial transformation, 
thereby imorusing the clinical out- 
come. 

Clinically many more potential 
applications @ the photothrombotic 
techniquecen 3e considered, including 
situations fer which photocoagulation 
alone nas beer used or shown to be of 
limited suceess in eliminating unde- 
sired yasculatare in both anterior and 
posterior segments. Specifically, in 
cornes, it caa be used for the following 
three categores: (1) ocular surface 
disorders with conjunctival over- 
growth, suca s chemical burns, ani- 
ridia, and som=cases of Stevens-John- 
son syndrome and contact lens- 
induced kerawpathy; (2) exudative 
lipid keratopa hy secondary to corne- 
al neevascu-arization; and (3) as an 
adjunct treatment for vascularized 
corneas befor= penetrating kerato- 
plasty to prevent graft rejection. 

In conelesion, we have demon- 
strated im ths study that corneal 
neovascularmaéion induced by ocular 
surfaee injary can be effectively 
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occluded by photothrombosis via a 
nonthermal photochemical reaction 
elicited by intravenous rose bengal 
and argon laser irradiation. The pho- 
tothrombotic effect can be achieved 
readily in corneal new vessels with 
incident argon laser settings much 
lower than those of conventional pho- 
tocoagulation, provided the initial 
rose bengal concentration is in the 
range of 8 mg/kg of BW or higher. 
Intravenous administration of the 
rose bengal solution does not result in 
long-term systemic toxicity. The 
above findings warrant further clini- 
cal investigation of the photothrom- 
botic technique in managing disorders 
associated with neovascularization in 
both anterior and posterior seg- 
ments. 


This investigation was supported in part by US 
Public Health Service grants NS 23244 (Dr Wat- 
son) and EY 05656 (Dr Tseng), and by a grant- 
in-aid from Fight Por Sight Inc, New York (Drs 
Tseng and Huang). 

Dr Watson has a proprietary interest in the 
technique of photothrombosis as mediated by 
intravenously injectable rose bengal. 

Charlaine Rowlette provided computer and 
editorial assistance. and Barbara French pre- 
pared the figures. 
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Penetration of Topically Applied Dexamethasone 


Alcohol Into Human Aqueous Humor 


David Watson, PhD; Mark J. Noble, FRCS; Gordon N. Dutton, FRCS; 
John M. Midgley, PhD; Terrence M. Healey, PhD 


@ Gas chromatography combined with 
mass spectrometry was used to deter- 
mine the absorption of topically applied 
dexamethasone alcohol into the aqueous 
humor of human subjects undergoing rou- 
tine intraocular surgery. The dexametha- 
sone concentration in aqueous humor 
was greatest in the interval between 91 
and 120 minutes following instillation 
(mean concentration, 31 ng/mL). Dexa- 
methasone was still detectable in the 
aqueous 12 hours after instillation. 

(Arch Ophthalmol 1988; 106:686-687) 


Topical corticosteroids are widely 

used in ocular therapy. Regimens 
for their use are based on clinical 
experience and data obtained from 
animal experimentation.'" Little in- 
formation is available about the con- 
centrations of corticosteroid attained 
within human aqueous humor at 
varying times following topical ad- 
ministration. 

We used gas chromatography com- 
bined with mass spectrometry 
(GCMS) to study the penetration of 
dexamethasone alcohol from topically 
administered eyedrops into the aque- 
ous humor of human subjects who 
were to undergo cataract surgery. 
This work forms part of a larger study 
that aims to quantify the ocular phar- 
macokinetics of several commonly 
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used topical corticosteroid prepara- 
tions. 


SUBJECTS AND METHODS 


Patients who were scheduled to undergo 
surgery for cataracts were recruited to the 
study; informed consent was obtained in 
all cases. Patients were excluded if they 
had received topical or systemic corticoste- 
roids during the month before surgery, or 
if they had corneal disease or an ocular 
inflammatory disorder that might have 
affected the penetration of drugs into the 
eye. Sixty-four eyes of 64 white patients 
were included. 

Fifty microliters of 0.1% dexamethasone 
alcohol suspension (Maxidex, 0.1% in vehi- 
cle containing 0.5% hydroxypropyl meth- 
yleellulose and 0.01% benzalkonium chlo- 
ride, pH 5.6) were introduced by micropip- 
ette into the lower conjunctival fornix of 
the eye being prepared for surgery. The 
suspension was shaken vigorously before 
instillation. The patients’ pupils were 
dilated one hour before surgery with two 
drops of 10% phenylephrine hydrochloride 
and two drops of 1% cyclopentolate hydro- 
chloride. 

Fifty-four of the operations were per- 
formed using general anesthesia and ten 


Dexamethasone Concentration, ng/mL 


20 50 100 200 300 


were performed using retrobulbar anes- 
thesia. During the operation the aqueous 
humor (0.05 to 0.15 mL) was aspirated with 
a tuberculin syringe through a 25-gauge 
needle when the anterior chamber was 
about to be entered. This occurred after a 
partial-thickness corneoscleral incision 
had been made. The intervals between the 
instillation of dexamethasone and the 
aspiration of aqueous were planned to 


Mean Concentration of Dexamethasone 
in Human Aqueous Humor at Various 
Times After the Topical Administration 

of Dexamethasone Alcohol Suspension 


Mean Aqueous 
Time Concentration, 
Interval, 


min 


0-30 2.1 (+0.6) 
31-60 12.3 (+3.3) 
61-90 15.5 (+3.7) 
91-120 31.0 (+3.9) 

121-180 21.7 (+4.4) 
181-240 23.5 (+ 4.9) 
241-360 12.6 (+5.3) 
36 1-480 7.1 (+2.4) 
481-775 3.1 (+0.8) 
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Concentration of dexamethasone alcohol in aqueous humor vs time following topical instillation. 
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delineate thecharacteristics of the absorp- 
tiomeurve, ard ranged between 15 and 775 
minutes. The aqueous samples were stored 
at —20°C and were later analyzed by 
GCMS. 

One nanogram-ef deuterated dexameth- 
asone (largely cemtaining the trideuterated 
derivetive) was added to the sample of 
aqueous humer (which had been previously 
diluted to 1 mL with high-purity water). 
The aqueous ayer was extracted with eth- 
yl acetate (2 X lal) and the extract chem- 
ically treated to give the di-methoxime 
tris-trimethy:silwlether derivative.’ The 
derivative was then subjected to GCMS in 
the nezative dhemical ionization mode; the 
undeuterated corticosteroid present in the 
aqueous humor was identified and quanti- 
fied with reference to the known amount of 
trideuterated eempound added before 
extractien. 

This derivativewochromatographed with 
the carrespording undeuterated substance 
and yielded ions in its mass spectrum 
equivalent te these obtained from the 
undeuterated compound along with a mass 
increment of 3 atomic mass units. This 
method is suctalie for the quantitation of 
dexamethasone in the 0.1- to 10-ng range. 


RESULTS 


The concentrations of dexametha- 
sone found m ‘he aqueous during suc- 
cessive intervals following topical 
administration are given in the Table. 
The highest mean concentration was 
found in the interval between 91 and 
120 minutes after administration. 
Subsequentiy, the intraocular levels 
of drag diminished, although detect- 
able amounts were present 12 hours 
after instillation. The concentrations 
of dexametiasene found in aqueous 
are shown in the Figure. 


COMMENT 


Previous studies of the absorption of 
dexamethasone into the aqueous 
humer have concentrated on the rab- 
bit model.''! Early work depended on 
relatively insensitive methods of anal- 
ysis. More recent studies have used 
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the technique of radioactive labeling 
of the steroid nucleus.*!! Variations in 
the results have been obtained. A large 
variation in the maximal concentra- 
tions of dexamethasone (0 ng/mL’ to 
969 ng/mL? of aqueous humor) has 
been observed, and peak concentra- 
tions have been attained between 40 
minutes? and 100 minutes’ following 
administration of the drug. This in 
part may be due to differences in the 
amount of radioactively labeled drug 
applied.'! A disadvantage of this tech- 
nique is that only the radioactive label 
is assayed; information is not provided 
as to whether inactivated or metabo- 
lized forms of the drug are being 
measured, unless additional chroma- 
tography techniques are employed. 
Moreover, enzyme systems that can 
metabolize corticosteroids have been 
demonstrated in the rabbit cornea." 

The GCMS technique provides sev- 
eral advantages over other methods of 
analysis of steroid concentrations in 
the aqueous. The technique is highly 
sensitive and enables drug concentra- 
tions in the nanogram-per-milliliter 
range to be determined with specifici- 
ty and accuracy. Since labeling of the 
dexamethasone molecule is not re- 
quired, commercial preparations can 
be studied. Using GCMS enables dexa- 
methasone to be distinguished from 
its metabolites. 

It could be argued that eyes that 
have developed cataracts may not 
behave in the same way as “normal” 
eyes with respect to the absorption of 
corticosteroids. It is also possible that 
any additional topical medication that 
the patient may receive (eg, preopera- 
tive mydriatic drops) may affect the 
permeability of the cornea to cortico- 
steroids. However, these unavoidable 
problems are inherent in all human 
studies of ocular drug penetration 
that use surgical patients as sub- 
jects. 
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Photo Essay 


Edited by Malcolm N. Luxenberg, MD 


Į? September 9974, a previously healthy 
79-year-old woman presented with a 
four-month history of bilateral, painful, 
peripheral corneal ulcerations. The ulcera- 
tions progressed over the next nine months 
to imvolve the entire corneal periphery 
with overhanging edges (Fig 1). The ulcer 
bases were vascularized and very thin 
(10% of normal thickness). Visual acuity 
decreased to kand motions when the 
remaining eentral cornea opacified (Fig 2). 
Mooren’s cornea! ulcers were diagnosed 
after am extensive systemic workup with 
negative results. 

Progressive ulceration continued despite 
treatment with conjunctival resections and 
then conjunctival flaps. Lamellar keratec- 
tomies were performed in November 1975. 
One month later, the corneas were not 
inflamed but thinned and vascularized 
(Fig 3). Between 1975 and 1985, the patient 
was unavailable for follow-up but had no 
further exacerbations. In 1977, intracapsu- 
lar cataract extraetion improved her vision 


clear. 
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Fig 3.—Right eye in December 1975. One month after lamellar 
keratectomy inflammatory process is resolving. Central cornea is 


clouded and minimetly vascularized. 
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Fig 1.—Right eye in May 1975. Mooren’s ulcer with peripheral corneal 
vascularization amc thinning. Central island of cornea is relatively 





Mooren’s Ulcer 


to 20/100 OD and 20/800 OS. Reexamina- 
tion in 1987 disclosed extremely thin corne- 
as with minimal central vascularization 
(Fig 4). Visual acuity was 20/100 OU. 


COMMENT 


Mooren’s uleer is a painful, progres- 
sive thinning of the cornea that begins 
in the periphery and spreads circum- 
ferentially. It may involve the central 
cornea. An autoimmune cause has 
been postulated.! 

Two types of Mooren’s ulcers have 
been described a unilateral or bilater- 
al nonsimultaneous type that usually 
responds to topical corticosteroids or 
conjunctival excision, and a simulta- 
neous bilateral type that often pro- 
gresses relentlessly to total corneal 
opacity unless treated with immuno- 
suppression and/or lamellar keratec- 
tomy.’ The present case illustrates 
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the latter type. Lamellar keratectomy 
of the central island of opacified 
stroma apparently provided quicker 
healing without significant vascular- 
ization and a relatively good visual 
outcome. 

THOMAS E. CLINCH, MD 

PETER R. Larsson, MD 

Philadelphia 


This study was supported by the Corneal 
Research Fund, Cornea Service, Wills Eye Hospi- 
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Fig 2.—Right eye in October 1975. Mooren’s uleer with full-thickness 
stromal edema of central island and total epithelial defect. 





Fig 4.—Right eye in April 1987. Extremely thin cornea with minimal 
vascularization and scarring. Sector iridectomy is present from intra- 
capsular cataract extraction in 1977. 
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Surgical Technique 


Alejandro Aguirre Vila-Coro, MD; Miguel Angel Gutierrez Sevilla, MD; 
Maria del Carmen Rodriguez-Bermejo Guijo, MD; Antonio Aguirre Vila-Coro, MD 


@ A silicone catheter with an inflatable 
balloon was used as a temporary stent for 
dacryocystorhinostomy. The inflated bal- 
loon was positioned in the patient’s lacri- 
mal sac, and the catheter remained in the 
nasal fossa. This device maintained an 
open lacrimal sac-nasal mucosa commu- 
nication during the healing period. Post- 
operative removal was performed by 
deflating the balloon and gently pulling 
the catheter through the patient’s nos- 
tril. 

(Arch Ophthalmol 1988; 106:692-694) 


Mhe main cause for dacryocystorhi- 

nostomy (DCR) failures is closure 
of the anastomosis created between 
the lacrimal sac and the nasal muco- 
sa.' Since the 12th century, various 
stents have been used to prevent clo- 
sure of the anastomosis created by the 
DCR. Over the years, proposed 
materials have included gauzes,? rub- 
ber catheters,‘ silicone tubings,° 
absorbable gelatin (Gelfoam)-throm- 
bin sponges,‘ Y-shaped catheters,’ and 
other materials.*” 

We describe a technique to main- 
tain postoperative patency of the lac- 
rimal sac-nasal mucosa anastomosis 
using a silicone catheter that extends 
from the lacrimal sac to the nasal 
fossa. The catheter’s upper end con- 
tains an inflatable balloon that 
remains in the lacrimal sac until the 
patient is healed. 
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MATERIALS AND TECHNIQUE 


A No. 8 pediatric silicone cylindrical 
Foley catheter with an inflatable balloon 
(Folysil) (Fig 1) is used. The catheter has a 
removable internal stent, which acts as a 
positioning aid. The inflatable balloon is 
located approximately 5 mm from the 
upper end of the catheter. 

After the usual initial steps for external 
DCR are followed and an osteotomy is 
performed, the lacrimal sac and the nasal 
mucosa are incised to obtain anterior and 
posterior flaps of each. The silicone cathe- 
ter is then introduced through the 
patient’s ipsilateral nostril and pushed 
along the nasal atrium. The catheter’s 
upper end is pulled from the nasal fossa 
through the bone opening and advanced to 
the level of the skin incision. The catheter’s 
balloon is then filled with approximately 
0.5 mL of saline solution via a disposable 
syringe that is momentarily attached to 
the catheter’s lower (nasal) end. The bal- 
loon is inflated until it is slightly larger 
than the smallest diameter of the bone 
opening. A slight tug from the nasal end of 
the catheter will confirm that the balloon 
size is sufficient to prevent postoperative 
migration to the nasal fossa. 

Avoid overinflation of the balloon 
because it may separate the lacrimal sac 
from the nasal mucosa. The redundant 
upper end of the catheter is then excised 
based on the size of the lacrimal sac and 
the relationship among the balloon, bone 
opening, nasal mucosa, and lacrimal sac. 
The position of the catheter is then 
adjusted so that the upper end of the 
catheter is placed in the lacrimal sac dome, 
with the inflated balloon lying between the 
anterior and posterior lips of the nasal 
mucosa-lacrimal sac junction. The cathe- 
ter’s internal stent is then removed 
through the lower (nasal) end of the cathe- 
ter. A No. 0 silk suture tied around the 
catheter several millimeters above the 
patient’s nostril allows the surgeon to cut 
the redundant lower portion of the cathe- 
ter without emptying the balloon. The pro- 
cedure is terminated by suturing the 
planes anterior to the lacrimal sac. To 


Inflatable Catheter for Dacryocystorhinostomy 


remove the catheter postoperatively, the 
No. 0 silk suture tied near the lower end of 
the catheter is cut, spontaneously empty- 
ing the balloon. Gentle pulling allows easy 
removal of the catheter. 

We have performed the procedure in 19 
patients with preoperative obstruction at 
the upper end of the nasolacrimal duct. In 
addition, one patient demonstrated a ste- 
nosis of the common lacrimal canaliculus 
and underwent placement of Crawford'® 
tubes through the upper and lower lacri- 
mal canaliculi and the lacrimal sac-nasal 
mucosa anastomosis, in conjunction with 
the silicone catheter placement (Fig 2). 
Two patients underwent reoperations after 
failed external DCR. 

The silicone catheter has been left in 
place for periods ranging from three days 
to five months. The longest follow-up was 
14 months, with all patients maintaining 
postoperative patency ef the operated-on 
lacrimal system. 


COMMENT 


The technique follows the initial 
steps in external DCR. A balloon left 
in the lacrimal sac is the inflated end 
of a silicone catheter placed in the 
nasal fossa. The device, preventing 
postoperative closure of the lacrimal 
sac-nasal mucosa anastomosis, al- 
lowed postoperative patency in all of 
our 19 patients. Our procedure is sim- 
ple and can be varied in several ways. 
The catheter can be placed following 
external transtendon,'! subtendon,! 
or endonasal'’ approaches to the lacri- 
mal sac, with or without associated 
canalicular intubation. Posterior and 
anterior planes of the lacrimal sac- 
nasal mucosa anastomosis may or 
may not be sutured. Occasionally, we 
have applied two or three interrupted 
6-0 polyglactin sutures in each muco- 
sal plane. In this case, the posterior 
mucosal plane is sutured before the 
catheter is pulled through the bone 
opening, and the anterior mucosal 
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Fg 1.—Appearance of silicone catheter after inflating balloon. 
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Fig 3.—Postoperaiive roentgenographic appearance of patient in whom radiopaque dye was 
used to fill balloon. Catheter can be seen as fine line (arrows) in nasal fossa, ending in 
balloon. 
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Fig 2.—Diagram showing placement of sili- 
cone catheter with its inflated balloon com- 
bined with bicanalicular intubation with Craw- 
ford'® silicone tubes. 


plane is sutured after the inflated 
balloon has been pesitioned satisfac- 
torily over the deep mucosal plane. 
Care must be taken not to perforate 
the balloon with the needle. 

Air should not be used to fill the 
catheter, as it rapidly diffuses 
through the balloon’s walls. The bal- 
loon may be inflated with a radi- 
opaque dye to allew postoperative 
radiologic control (Fig 3). Because 
radiologic imaging is a valuable 
adjunct in the perioperative assess- 
ment of the lacrima! drainage system 
in some patients," our procedure may 
spare the patient the discomfort of 
postoperative dye injections through 
the lacrimal canaliculi, should dacryo- 
cystoradiography be indicated. 

The catheter was removed three to 
six weeks after surgery in most 
patients. Postoperative swelling then 
is clinically negligible and the healing 
tissues are stable, allowing removal of 
the catheter without-risking occlusion 
of the surgical neostomy. In one 
patient, a loose suture on the lower 
end of the catheter caused leakage 
and spontaneous defiation of the bal- 
loon, with extrusion of the catheter 
three days after surgery. The longest 
maintenance occurred in a patient 
who failed to keep follow-up appoint- 
ments and had the catheter removed 
five months following surgery. 

None of our patients bled when the 
catheter was removed, although 
bleeding might conceivably follow a 
premature or brusque drawing of the 
catheter. The catheter has not caused 
any undesired effects, suggesting that 
it may be left in place for an extended 
period. Placing of a stent is a common 
step in DCR procedures. Many sur- 
geons routinely intubate both canalic- 
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uli with silicone tubes or leave other 
types of absorbable’ or nonabsorb- 
able? stent materials to ensure postop- 
erative patency of the lacrimal sac- 
nasal mucosa anastomosis. Others 
believe that stent placing is not bene- 
ficial in DCR procedures."* 

Small sample size and short follow- 
up prevent hard conclusions. The 
catheter with an inflatable balloon, 
however, has several desirable char- 
acteristics: it is easily positioned and 
consistent with most external or 
endonasal DCR techniques; it permits 
separation of the anterior and posteri- 
or mucosal planes; and it is individu- 
ally adjustable by varying the infla- 
tion. The catheter is self-supporting, 
thus obviating the need to suture the 
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catheter to the lacrimal sac.* Internal 
tamponading devices, such as gauzes’ 
or absorbable — gelatin-thrombin 
sponges’ left in the lacrimal sac-nasal 
mucosa junction have been suggested 
as a way to eliminate postoperative 
bleeding, a potentially serious prob- 
lem in lacrimal surgery. The inflat- 
able balloon acts as an internal tam- 
ponading device on the nasal mucosa 
and on the bone opening and may 
prevent postoperative bleeding. Revi- 
sion of failed external DCR yields low 
(56% ) success rates in some reported 
series.” Our procedure might have 
application for reoperations, since it 
has been successful in two of these 
patients. 


The catheter described herein 
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ensures postoperative patency of the 
lacrimal sac-nasal mucosa anastomo- 
sis. If indicated, canalicular intuba- 
tion can be performed additionally, as _ 
in the case illustrated in Fig 2. The 
catheter is also easily removed, elimi- 
nating the need to search for thin 
silicone tubes “lost inside the nose,” a 
problem occasionally seen with the 
Crawford’ type of silicone tubes. 
Availability and low cost of the inflat- 
able silicone catheter are additional 
factors that may promote its wide- 
spread use for DCR. 
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Palaiseau, France. 
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New Instruments 





A Brush Back-Flush Needle 


Relja Zivojnovié MD, Ger Vijfvinkel 


@ Anew ‘eature has been developed to 
increase the efficiency of the widely used 
back-flush needie aspirator. The main fea- 
ture of the new design is its almost com- 
pletely nontraumatic effect on the retina, 
increasing the scope of application of the 
instrument. 

(Arch Opathaimol 1988; 106:695) 


he back-flush needle, which is 

based on a modified flute needle, 
was designed by us in 1983. It has 
proved to be a practical and useful 
instrument. The great advantage is 
the ability to release aspirated mate- 
rial by finger control on the exposed 
silicone rubber tube within the hand- 
piece (Fig 1). For example, suction- 
held torn er wrinkled retinal tissue 
can be repositiened on the choroid by 
holding and releasing the suction as 
required. 

However. it has been difficult to 
avoid some traumatic effects, particu- 
larly in the terminal stage of an endo- 
drainage. It has not been easy to avoid 
contact with the pigment epithelium 
when transferring irregularly shaped 
retinal tissue. Te overcome this prob- 
lem we have modified the standard 
back-ush needle in the following 
way. The new instrument has a 20- 
gauge (0.89-mm) needle with a 23- 
gauge (0.6-mm|) tip. A thin sleeve of 
silicone rubber tubing is slid over the 
23-gamge needle tip and extends 0.5 
mm beyonc the end. The projecting 
sleeve is slit to provide six equal sec- 
tions, simulating a hollow brush but 
still eapable of supporting aspiration 
(Fig 2). The modified needle has 
proved to be effective for. the 
described applications, with practical- 
ly no traumatic tissue damage. 

The modiied needle also has addi- 
tional advantages. One of the main 
features is the ability to clean and 
wipe the retina. Accumulated pigmen- 
tation, “unripe” membranes, as well 
as membrane remnants can be initial- 
ly detached from the surface of the 
retina using the needle tip, and then 
the material cam be removed by means 
of controlled aspiration. The silicone 
sleeve on the tip of the needle func- 
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tions as a soft brush and has not 
produced retinal damage. There is no 
impression mark on the retina when 
suction is being applied, as was the 
case with the regular metal-ended 
needle. With large retinal tears in 
which the tissue is folded over, it is 
not difficult to suction-hold the reti- 
na‘ and manipulate the needle to repo- 
sition the fold onto the choroid. When 
correctly positioned, the vacuum is 
released by finger pressure on the 
handpiece tubing. The modification 
reduces the possibility of retinal dam- 
age during this manipulation. 

It is often necessary to flatten the 
edges of the torn retina after reposi- 
tioning, and this is facilitated by 
using the soft brush. The original 
hard tip could not be used for this 
purpose without tissue damage. 

A slight disadvantage of the new 
needle design is the reduction in size 
of the needle-tip bore, which limits 
the rate at which aspirated material 


can be removed. A practical approach 
would be to hold the regular back- 
flush needle on standby, for use in 
situations in which rapid aspiration is 
necessary and there is no danger of 
retinal contact. 

We have used this instrument in 
hundreds of patients without having 
any specific problems, with the excep- 
tion of the limitation of the aspiration 
rate. An early problem of the fixation 
of the silicone brush to the needle was 
caused by incorrect preoperative 
preparation and by asing the brush in 
several patients. Since we are using 
the brush needle as a disposable 
instrument, we no longer have these 
problems. 


The authors have no commercial or propri- 
etary interest in the brush back-flush needle. 
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Fig 2.—Tip of brush needle. 
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Continuing Medical Education 


Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is updated 
monthly and provides an easy reference to continuing medical education ( CME) courses. 
Accredited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities 
for inclusion in the list free of charge. Listings will be published for three consecutive 
months and should be received at least two months prior to date of course, eg, by Jan 1 to be 
included in the March, April, and May issues. A course held between the first and 14th 
days, inclusively, will appear in the preceding month's issue. The listing cannot be 
published unless it contains the following information: title, location, date(s), sponsor(s), 
and contact address. Optional information includes CME category 1 hours of instruction, 
registration fee, and guest speakers. Listings should be typed double-spaced with 2-in left 
and right margins. Send submissions to Cinda Gislason, Archives of Ophthalmology, CME, 
1855 W Taylor St, Chicago, IL 60612. Readers are encouraged to contact the accredited 
sponsor for more detailed information. 


CALIFORNIA Basic Sci Course in Ophthalmol At: Stanford 
Dates: 7/5/88 to 8/31/88 Reg Fee: $1400 Con- 
tact: J. W. Bettman, MD, Dept of Ophthalmol, 


A-157, Stanford Med Ctr, Stanford 94305 
COLORADO 


Colorado Ophthalmol Soc 73rd Ann Summer 
Mtg At: Snowmass Dates: 7/2/88 to 7/6/88 Hrs 
Instr: 16 Contact: Carol Goddard, Box 4834, 


Contact Lenses: Recent Advances & Controver- 
sies At: Los Angeles Dates: 6/2/88 to 6/4/88 
Hrs Instr: 23 Reg Fee: $375 prac phys, $175 
residents & techs Contact: Laurie Woolf, CME, 
Doheny Eye Inst, 1355 San Pablo St, Los 
Angeles 900338; (213)224-7917 


Retina for the Cataract Surg At: Los Angeles Englewood 80155; (303)770-6048 
Date: 6/18/88 Contact: Laurie Woolf, CME, 


1355 San Pablo St, Los Angeles 90033; (213)224- DISTRICT OF COLUMBIA 
7917 The Newest Techniques in Anterior Segment 


Surg: The Cutting Edge Dates: 6/9/88 to 6/ 
10/88 Reg Fee: $295 Course Directors: H. 
Dwight Cavanaugh, MD, Michael A. Lemp, MD 
Contact: Office of CME, Georgetown Universi- 
ty Medical Center, 3800 Reservoir Rd NW 
20007; (202)687-8735 


Ophthalmol in the Year 2020 At: San Francisco 
Dates: 6/1/88 to 6/3/88 Contact: Extended 
Prgms in Med Educ, Room 569-U, Univ of 
California Sch of Med, San Francisco 94143- 
0742; (415)476-4251 


The University of Southern California 
School of Medicine — Postgraduate Division 
and the Department of Ophthalmology 
presents 


Clinical Problems in 
Corneal and External Disease 
July 30-August 6, 1988 
Mauna Kea Beach Hotel 
Kamuela, Hawaii 


Twenty-sixth Ann Residents/Alumni Conf & 


Postgrad Ophthalmol Symp Date: 6/11/88 Reg 
Fee: $50 attending phys, $30 alumni of George- 
town Univ residency prgm, $15 residents, $25 
other health professionals Guest Speakers: 


Arthur Neufeld, PhD, Peter Laibson, MD Con- © 


tact: Office of CME, Geergetown University 
Medical Center, 3800 Reservoir Rd NW, 20007; 
(202)687-8735 


HAWAII 


Clin Problems in Corneal & External Disease At: 


Kamuela Dates: 7/30/88 to 8/6/88 Hrs Instr: 26 
Reg Fee: $535 Sponsors: Postgrad Div & Dept 
of Ophthalmol, The Univ of Southern Califor- 
nia Sch of Med Contact: B. J. Johnson, USC 
Sch of Med, 1975 Zonal Ave, KAM 314, Los 
Angeles, CA 90033; (213)224-7051, (800)421- 
6729 (outside Calif) 


ILLINOIS 


Eyes on Chicago: 40th Clin Conf At: Chicago 


Dates: 5/26/88 to 5/27/88 Reg Fee: $300 non- 
members, $250 COS members, $25 residents 
Contact: Julie Hughes, Chicago Ophthalmol 
Soc, 515 N Dearborn St, Chicago 60610; 
(312)670-2583 


Univ of Illinois Contact Lens Course At: Chicago 


Dates: 6/17/88 to 6/18/88 Reg Fee: $150 Con- 
tact: Conf Registrar, The Univ of Illinois at 
Chicago, Floor 2N, 912 S Wood St, Chicago 
60612; (312)996-8025 


Corneal Surg for the Anterior Segment Surgeon: 


A Hands-on Workshop At: Chicago Dates: 6/ 
24/88 to 6/25/88 Hrs Instr: 16 Reg Fee: $300 
lecture, $500 lab (optional) prac phys; $100 

(Continued on p 698.) 
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The Medical College of Wisconsin and 
the National Eye Trauma System (NETS) Invite You To Attend 
The Third Annual 
National Eye Trauma Symposium 


July 22 - 23, 1988 


at the Hyatt Regency, Milwaukee * Milwaukee, Wisconsin 
Course Director: William F. Mieler, MD 


GUEST FACULTY 


Dan B. Jones, M.D. 
Professor & Chairman 
Dept. of Ophthalmology 
Baylor University 
Houston, Texas 


Professor & Chairman 
Dept. of Ophthalmology 
LSU Eye Center 

New Orleans, Louisiana 
Walter J. Stark, M.D. 


Herbert E. Kaufman, M.D. 


GUEST SPEAKERS 


ANTERIOR SEGMENT TRAUMA: John Gottsch, M. Bowes 
Hamill, Dan Jones, Steven B. Koenig, Richard L. Lindstrom, 
Roswell R. Pfister, Bradford Shingleton. 


POSTERIOR SEGMENT TRAUMA: Thomas Aaberg, Gary 
Abrams, Thomas Burton, Serge DeBustros, Dwain Fuller, 
Peter Liggett, Ronald Michels, William Mieler, Leonard Parver, 
Paul Sternberg, George Williams. 


Professor of Ophthalmology PERI-OCULAR TRAUMA & SPORTS INJURIES: Arlen Denny, 
Wilmer Institute John Dutton, Michael Easterbrook, Gerald Harris, John Shore, 
Johns Hopkins Hospital Darrell Wolfley. 
Baltimore, Maryland 
USC FACULTY REGISTRATION INFORMATION 


John Irvine, M.D. 
Assistant Professor 
of Ophthalmology 


Peter McDonnell, M.D. 
Assistant Professor 
of Ophthalmology 


Registration Deadline: June 15, 1988 
Practicing 
Ophthalmologists 
NETS Members 
Opnthalmology Residents 


Lodging: $79 single, $94 
double; Contact Hyatt 
Regency Milwaukee, 
(414) 276-1234 

Please indicate that you 


$225.00 


$150.00 


Narsing A. Rao, M.D. Stephen J. Ryan, M.D. 


Professor Professor & Chairman 
d Fellows $50.00 are attending National 
of Ophthalmology Dept. of Ophthalmology pi Eye Trauma Symposi 
: : . i posium 
Ronald E. Smith, M.D. Registration fee payable to: whem making reserva- 
Professor of Opthalmology pc DICAL COLLEGE OF WISCONSIN tione, limited availabilty 
26 Category I AMA/CMA Hours W. Wisconsin Ave., Milwaukee, WI AMAÆCME CREDITS 
Tuition: $535.00 53226 os ae 


Information: USC School of Medicine, B. J. Johnson, 1975 
Zonal Ave, KAM 314, Los Angeles, CA 90033. (213) 224-7051, 
(800) 421-6729 Outside California. 


FOR MORE INFORMATION CALL: (414) 257-5663 or 257-5544 





MICHIGAN OPHTHALMOLOGICAL SOCIETY 


20TE ANNUAL SUMMER CONFERENCE 
| THURSDAY-SUNDAY, JULY 21-24, 1988 
GRAND HOTEL, MACKINAC ISLAND, MICHIGAN 


g Hat Phil 


MACKINAC ISLAND 


THEME: OCULAR SURGERY: NEW DEVELOPMENT AND 
MANAGEMENT OF COMPLICATIONS: 


“CATARACT SURGERY 
*DISLOCATED LENSES 
“MICROSURGICAL INSTRUMENTATION 
*TUMORS 
“ENDOPHTHALMITIS 


SPEAKERS: 

STEVE CHARLES, M.D., MEMPHIS, TENNESSEE 
HARRY FLYNN, M.D., MIAMI, FLORIDA 
MANUS KRAFF, M.D., CHICAGO, ILLINOIS 
JERRY SHIELDS, M.D., PHILADELPHIA, PENNSYLVANIA 


REGISTRATION FEE: 


PHYSICIAN $175.00 
RESIDENT $100.00 
EXHIBITOR $400.00 


FOR FURTHER INFORMATION CONTACT: 


CHRISTINE A. JOURDAIN 
412 EASTLAND PROFESSIONAL BUILDING 
HARPER WOODS, MI 48225 
(313) 839-3011 


CATEGORY |, 8 HOURS 


Take some time to 
STOP 
AND SMELL THE ROSES 


THE OREGON LIONS SIGHT 
AND HEARING INSTITUTE 
> and } 

GOOD SAMARITAN HOSPITAL 


AND M =DICAL CENTER 


invite you to Portland, Oregon for 
THE PORTLAND ROSE FESTIVAL 
and — 
“THORNY ISSUES” 
Glaucoma and Neuro-Ophthalmology 
June 16 and 17, 1988 
at 


Oregon Lions Sight and Hearing Institute 
1040 N.W. 22nd Avenue 
Portland, Oregon $7210 








FACULTY 
David G. Campbell, M.D.; Dartmouth Medical 
School; Hanover, New Hampshire 
Thomas R. Hedges, III, M.D.; Tufts University: 
Boston, Mass. 
Jeffrey G. Odel, M.D.; Manhattan Eye, Ear 
& Throat Hospital; New York, New York 


Arthur L. Schwartz, M.D.; Washington Hospital 
Center; Washington, D.C. 


FEE 
Practicing Physicians: $245 if paid by June 1 
$270 if thereafter 


$110 if paid by June 1 
$125 thereafter 


Residents, Fellows: 


This program is acceptable for 14 credits in Category 
I for the Physician’s Recognition Award of the 
American Medical Association. 


FOR FURTHER INFORMATION CONTACT: 
Dorothy D. Spier, Conference Coordinator 
Oregon Lions Sight & Hearing Institute 
1040 N.W. Twenty-Second Avenue 
Portland, Oregon 97210 
(503) 229-7601 
(IN OREGON ONLY 1-800-433-3122) 
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techs; $50 residents; one-day fees available, 
surcharge after 4/30/88 Contact: Office of 
CME, Rush-Presbyterian-St Luke’s Med Ctr, 
600 S Paulina, Chicago 60612; (312)942-7095 


IOWA 


Ocular Pathology for the Clinician At: Jowa City 
Dates: 6/9/88 to 6/10/88 Reg Fee: $200 prac 
phys, $75 residents & fellows Contact: Margi 
Teets, Room 233 MRC, The Univ of Iowa, lowa 
City 52242; (319)335-7095 


KENTUCKY 


Clin Adv in Treatment of Retina & Vitreous Dis 
for the Prac Ophthalmol At: Lexington Dates: 
5/20/88 to 5/21/88 Hrs Instr: 9 Reg Fee: $125 
prac phys, $50 residents & fellows Contact: 
James Gray, Humana Hospital-Lexington, 150 
N Eagle Creek Dr, Lexington 40509; (606) 268- 
3754 


MAINE 


Thirteenth Ann Sem in Ophthalmol: Pediatric 
Ophthalmol & Strabismus At: Waterville 
Dates: 7/17/88 to 7/21/88 Contact: R. H. Kany, 
Special Prgms, Colby Coll, Waterville 04901; 
(207 )872-3386 


MARYLAND 


Principles & Pracs of Data Collection, Data 
Management, & Data Analysis for Clin Trials 
At: Baltimore Dates: 6/9/88 to 6/10/88 Hrs 
instr: 1 Reg Fee: $650 Contact: Francette 
Boling, Prgm Coordinator, The Johns Hopkins 
Med Inst, 720 Rutland Ave, Turner 22, Balti- 
more 21205; (301)955-2959 


First Internati Symp on the Marfan Syndrome At: 
Baltimore Dates: 7/8/88 to 7/10/88 Hrs Instr: 
17.5 Reg Fee: $150 ($175 after 7/1/88) Contact: 
Office of CME, The Johns Hopkins Med Inst, 
720 Rutland Ave, Turner 22, Baltimore 21205; 
(301 )955-2959 


MICHIGAN 


Curr Concepts in Glaucoma At: Ann Arbor 


Dates: 5/20/88 to 5/21/88 Contact: Arlene 
Bradford, CME, Towsley Ctr, Box 0201, Univ of 
Michigan Med Sch, Ann Arbor 48109; (313)763- 
1400 


Eleventh Ann Alumni Mtg: Res & Clin Presenta- 
tions At: Detroit Dates: 6/3/88 to 6/4/88 Hrs 
Instr: 1 Reg Fee: $120 Guest Speaker: J. James 
Rowsey, MD (Jack S. Guyton Lecturer) Spon- 
sor: Dept of Ophthalmol, Henry Ford Hosp 
Contact: David D. Bograd, MD, Leslie J. Fish- 
er, PhD, Dept of Ophthalmol, Henry Ford 
Hosp, Detroit 48202; (313)876-7268 


Ocular Surg: New Development & Management 
of Complications At: Mackinac Island Dates: 
7/21/88 to 7/24/88 Hrs Instr: 8 Reg Fee: $175 
prac phys, $100 residents, $400 exhibitors 
Sponsor: Michigan Ophthalmol Soc Contact: 
Christine A. Jourdain, 412 Eastland Profes- 
sional Bldg, Harper Woods 48225; (313)839- 
3011 


NEW YORK 


Surg & Med Decision-Making— 1988 At: New 
York Date: 6/3/88 Hrs Instr: 8 Reg Fee: $200 
prac phys, $75 residents Contact: Jane Stark, 
Conf Coordinator, New York Eye & Ear Infir- 
mary, 310 E 14th St, New York 10003; (212)598- 
1430, 598-1313 


Vitrectomy in Anterior & Posterior Segment 
Surg Date: 6/4/88 At: New York Hrs Instr: 7 
Reg Fee: $150 prac phys, $75 residents & 
fellows Contact: Martha Klapp, Dept of Oph- 
thalmol, Manhattan Eye, Ear & Throat Hosp, 
210 E 64th St, New York 10021; (212)605-3762 


Workshop: Diagnosis & Management of Patients 
With Oculo-Plastic Probiems At: New York 
Date: 6/11/88 Contact: Martha Klapp, Dept of 
Ophthalmol, Manhattan Eye, Ear & Throat 
Hosp, 210 E 64th St, New York 10021; (212)605- 
3762 


Age-Related Vision Loss, Development in Low- 
Vision Practice, & Res At: New York Dates: 
7/18/88 to 7/19/88 Sponsor: Lighthouse & the 
Gerontological Soc of Am Contact: Francine 
Leinhardt, Manhattan Eye, Ear & Throat 
Hosp, 210 E 64th St, New York 10021; (212)838- 
9200, ext 2776 


OHIO 


‘Ophthalmol’ At: Cleveland Dates: 6/17/88 to 
6/18/88 Contact: Dept of CME, The Cleveland 
Clin Edue Found, Room TT3-301, 9500 Euclid 
Ave, Cleveland 44195; (local) 444-5696, (in 
Ohio) 800-762-8172, (outside Ohio) 800-762- 
8173 


Ann Alumni Res Symp At: Columbus Date: 
6/11/88 Contact: Maureen A Meck, Symp 
Coordinator, Dept of Opnthalmol, Ohio State 
Univ, 456 W Tenth Ave, Columbus 43210; 
(614)293-8159 


OREGON 


‘Thorny Issues’: Glaucoma & Neuro-Ophthalmol 
At: Portland Dates: 6/36/88 to 6/17/88 Hrs 


DEPARTMENT OF OPHTHALMOLOGY 


Announces its 


11th Annual Alumni Meeting 
June 3 — 4, 1988 


Friday, 8:00 a.m. — 5:00 p.m. 


RESEARCH & CLINICAL PRESENTATIONS 


Saturday 9:00 a.m. — 12 Noon: 


A SYMPOSIUM 
REFRACTIVE SURGERY 


Featuring 


J. James Rowsey M.D. 
Dean A. McGee Eye Institute 


as the Jack S. Guyton Lecturer 





Registration fee of $120.00 Includes: 
Meetings at HFH & Banquet at the Renaissance Center 
Approved for Cat. 1 CME Credit 





For Further information contact 
David D. Bogorad, M.D., Leslie J. Fisher, Ph.D. 
Program Directors Ophthalmology Dept. 


Henry Ford Hospital, Detroit, MI 48202 
(313) 876-7268 


THE EAGLE. 
AN ENDANGERED SPECIES? 


The Eagle, symbol of 
strength, honor, and character, 
personifies the vigor of i 
America. 

The Eagle Badge, symbol o i 
strength, honor, and character, ey.” 
represents the highest level of © =~ 
achievement in the Boy Scout ~ = 
movement. 

Don't let the best of Ameria. 
become an endangered speci s 














BECOME A MEMBER OF THE NATIONAL BOY SCOUT 
ALUMNI FAMILY. — JOIN TODAY! 
Your one-year, $10 membership entitles yau to the 
Alumni Bulletin, the Annual Report, a membership 
card and an attractive wall certificate suitable for 


A three-year, $30 membership entitles you to a free 
Norman Rockwell print, as well as all of the benefits of A 
a one-year membership. 

Write today ta y 
National Boy Scout Alumni Family SH 
1325 Walnut Hill Lane ¢ Irving, Texas 75062 - 1296 


A 





“ 


Instr: 14 Reg Fee: $245 prac phys, $110 resi- 
dents & fellows “$270 & $125, respectively, 
after 6/1/88) Contact: Dorothy D. Spier, Conf 
Coordinator, Oregon Lions Sight & Hearing 
Inst, 1040 NW 22nd Ave, Portland 97210; 
(503)229-7601 


PENNSYLVANIA 


Seventh Biennial Cornea Conf: A Prac Approach 
to Corneal & External Diseases At: Philadel- 
phia Dates: 11/1288 to 11/5/88 Hrs Instr: 11 
Sponsor: Wills Eye Hospital Contact: Lucia 
M. Manes, Conf Coordinator, Dept of CME, 
Wills Eye Hospital, Ninth & Walnut Sts, Phil- 
adelphia 19107; (215)928-3378 


SOUTH CAROLINA 


Twelfth Ann Christian Ophthalmol Soc Mtg At: 
Hilton Head Islard Dates: 6/23/88 to 6/26/88 
Reg Fee: $150 prae phys & family, $25 resi- 
dents & fellows Contact: Enoch N. Tsai, MD, 
Arrangements Chairperson, PO Box Drawer 
2494, Aiken, 29807: (803)649-7991 


TEXAS 


YAG/ Argon Workshop for Ophthalmol At: Dallas 
Date: 5/27/88 Hreseinstr: 7 Reg Fee: $150 Con- 
tact: Lela Breckenridge, CME, Presbyterian 
Hosp of Dallas, 8200 Walnut Hill Rd, Dallas 
75231; (214)696-8458 


VIRGINIA 


Virginia Soc of Ophthalmol Ann Mtg At: Rich- 
mond Dates: 6/9/38 to 6/11/88 Speakers: J. 
Donald Gass, MD! Stuart L. Fine, MD, Fred 
Wilson, MD, Richard A. Thoft, MD, David J. 
Apple, MD, Manes Kraff, MD Contact: Donna 


Strawderman, 4205 Dover Rd, Richmond 
23221; (804)353-2721 


WASHINGTON 


Resident-Alumni Day at Univ of Washington At: 
Seattle Date: 5/21/88 Hrs Instr: 7 Reg Fee: 
None Contact: Richard P. Mills, MD, Dept of 
Ophthalmol, RJ-10, Univ of Washington, Seat- 
tle 98195; (206)543-3883 


WISCONSIN 


Third Ann Natl Eye Trauma Symp At: Milwaukee 
Dates: 7/22/88 to 7/23/88 Sponsor: Nat] Eye 
Trauma System Hrs Instr: Available Reg Fee: 
$225 prac phys, $150 NETS members, $50 resi- 
dents & fellows (deadline: 6/15/88) Contact: 
Prudie Helt, Eye Inst, 8700 W Wisconsin Ave, 
Milwaukee 53226; (414)257-5663, 257-5544 


FOREIGN 


Implantation in the Capsular Bag At: Liège, 
Belgium Dates: 6/3/88 to 6/4/88 Contact: Sec- 
retariat du Dr Galand, Clinique Sainte Rosalie, 
72 rue des Wallons, B-4000 Liége, Belgium 


Canadian Implant Assn 14th Ann Mtg: Manage- 
ment of Complications At: Montreal Dates: 
6/10/88 to 6/11/88 Special Prgms: phakoemul- 
sification/soft implant wet lab, contact lens 
problems, ophthalmic surg for OR nurses Reg 
Fee: Variable depending on prgm Contact: 
Marvin L. Kwitko, MD, 5591 Côtes des Neiges 
Rd, Suite 1, Montreal, Canada H3T 1Y8; 
(514)735-1133 . 


First Congress of the Internatl Soc of Ocular 
Toxicology At: Toronto Dates: 6/6/88 to 
6/9/88 Contact: CME, Faculty of Med, Med Sci 
Bldg, Univ of Toronto, Toronto, Ontario M5S 
1A8, Canada; (416)978-2718 


Seventh Iberolatinamerican Congress of Plastic 
Surg At: Cartagena, Colombia Dates: 5/22/88 
to 5/28/88 Contact: John Sanabria, MD, Secre- 
tary General, Sociedad Colombiana de Cirugia 
Plastica, Apartado Aéreo Nos. 6658 and 6572, 
Bogota, Colombia. 


Adv Course in Ophthaimel At: Bristol, England 
Date: 10/88 (one year full-time) Objective: 
Preparation for DO or FRCS, or MSc conver- 
sion Contact: J. Galsworthy, Dept of Ophthal- 
mol, Bristol Eye Hosp, Lower Maudlin Street, 
Bristol, England BS1 2LX 


Paediatr Ophthalmol: Med. Surg, & Developmen- 
tal Aspects At: Londen Dates: 9/12/88 to 
9/22/88 Sponsor: The British Council Contact: 
Courses Dept, The British Council, 65 Davies 
St, London, England WIY 2AA 


Trauma of the Eye: 21st Panhellenic Congress 
of Ophthalmol At: Thessaloniki, Greece Dates: 
5/26/88 to 5/28/88 Contact: Simeon Lake, Box 
10497, 54110 Thessaloniki, Greece 


Internati Congress on Ocular Trauma (Anterior, 
Posterior, & External Segments) At: Tel-Aviv, 
Israel Dates: 2/19/89 ta 2/24/89 Co-Chairper- 
sons: G. Treister (Israel), B. Glaser (USA) 
Contact: The Secretariat, Internat] Congress 
on Ocular Trauma, Box 50006, Tel-Aviv 61500, 
Israel 


Retinal Pigment Epitheliam At: Genova, Italy 
Dates: 5/27/88 to 5/28/88 Contact: F. Cardillo 
Piccolino, MD, Clinica Oculistica dell’Univer- 
sita, viale Benedetto XV, 5, 16132 Genova, 
Italy 


European Glaucoma Soc Third Congress At: 
Estoril, Portugal Dates: 5/23/88 to 5/26/88 
Contact: Professor E. L. Greve, Eye Clin of the 
Univ of Amsterdam, Academic Med Ctr, Mei- 
bergdreef 9, 1105 AZ Amsterdam, the Nether- 
lands 





THE NEWEST TECHNIQUES IN 
ANTERIOR SEGMENT SURGERY: 
THE CUTTING EDGE 


with practical h=nds-on lab sessions 


June 9 — 10, 1988 
Course Directors: 

EK. Dwight Cavanagh, M.D. 

Michael A. Lemp, M.D. 


tk k Rk k k k RE 
TWENTY-SIXTH ANNUAL 
RESIDENTS/ALUMNI CONFERENCE and 


POSTGRADUATE OPHTHALMOLOGY SYMPOSIUM 


June 11, 1988 
Koplowitz Lecturer: 
Arthur Neufeld, Ph.D. 
Harvard University 
Boston, Massachusetts 


Special Guest Lecturer: 
Peter Laibson, M.D. 
Wills Eye Hospital 

Philadelph, Pennsylvania 


tk k Rk k k k kk 
CONTINUING MEDICAL EDUCATION COURSES 


For further information: 


Office of Continuimg Medical Education 


Georgetown University Medical Center 


3800 Reservoir Rd., N.W. 
Washington, D.C. 
telephone: 202) 687-8735 


You're never too 
old to quit 
blowing smoke. 


No matter how long or how much 
you've smoked, it’s not too 

late to stop. Because the sooner 
you put down your last cigarette, 
the sooner your body will begin 
to return to its normal, healthy 
state. 


à, American Heart 
Association 


WERE FIGHTING FOR 
YOUR LIFE 


FACULTY POSITION 


Full-time faculty position for an 
individual with subspecialty training 
in Neuro-Ophthalmology and an 
ability to be licensed in Texas. The 
physician must be able to develop 
and direct an academic service. 
Candidate must have also com- 
pleted an accredited residency 
program, and be board certified or 
eligible in ophthalmology. Salary 
and benefits commensurate with 
training and experience. Please for- 
ward your curriculum vitae and the 
names of four references to: 


James Price, M.D., Ph.D. 

Professor and Chairman 

Department of Ophthalmology & 
Visual Sciences 

Texas Tech University Health 
Sciences Center 

Lubbock, Texas 79430 


An Equal Opportunity Employer 
EOE/AAE 





ENCOURAGE COMPLIANCE. 
PILAGAN™ WITH C CAP” 
COMPLIANCE CAP 


e Tracks next dose to be taken, 

* Provides a means for others to monitor compliance. 

e Minimizes confusion for patients on multidose 
therapy or multiple medications, and 

e Offers the cooling, soothing effects of Liquifilm® 
(1.4% polyvinyl alcohol) 


PILAGAN “(pilocarpine ee) 


Liquifilm® sterile ophthalmic solution wit 


C CAP à Compliance Cap Q.I.D. 


15 mL 


INDICATIONS AND USAGE: Pilagan Liquifilm is indicated for: 1) The control of intra- 
ocular pressure in glaucoma. 2) Emergency relief of mydriasis in an acutely glauco- 
matous situation. 3) To reverse mydriasis caused by cycloplegic agents. 
CONTRAINDICATIONS: Pilagan Liquifilm is contraindicated in persons showing 
hypersensitivity to any of its components. WARNINGS: Pilocarpine is readily absorbed 
systemically through the conjunctiva. Excessive application (instillation) may elicit 
systemic toxicity symptoms in some individuals. PRECAUTIONS: General: Pilocarpine 
has been reported to elicit retinal detachment in individuals with ey tepill retinal 
disease or predisposed to retinal tears. Fundus examination is advised for all patients 
prior to initiation of pilocarpine therapy. Carcinogenesis, mutagenesis and Impair- 
ment of fertility: No studies have been conducted in animals or in humans fo evaluate 
the potential of these effects. Pregnancy Category C: Animal reproduction studies 
have not been conducted with pilocarpine. It is also not Known whether pilocarpine 
can cause fetal harm when administered to a pregnant woman or can affect reproduc- 
tion capacity. Pilocarpine should be given to a pregnant woman only if clearly needed. 
Pediatric Use: Safety and effectiveness in children have not been established. ADVERSE 
REACTIONS: Adverse reactions associated with topical pilocarpine therapy include: 
visual blurring due to miosis and accommodative spasm, poor dark adaptation caused 
by the failure of the pupil to dilate in reduced illumination, and conjunctival hyper- 
emia. Miotics have been reported to cause lens opacities in susceptible individuals 
after prolonged use. Systemic reactions following topical use of pilocarpine are rare. 


== ALLERGAN PHARMACEUTICALS 
=- A Division of Allergan, Inc., Irvine, CA 92713 
See Ad on Cover 4 


Group Health Cooperative of Puget 
Sound, a 320,000 member pre-paid 
HMO, currently has a position for an 
Ophthalmologist. Referral only 
practice in a multi-specialty 
organization. 


To inquire, write: 
Director of Medical Staffing 
Group Health Cooperative 
of Puget Sound 
521 Wall Street 
Seattle, WA 98121 


of Puget Sound 


Affirmative Action/Equal Opportunity Employer 
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NO RUST...G 








TITANIUM. 


Thats why MICRA chose TITANIUM for their Ophthalmic 


Instruments-and Diamond Knives nearly fifteen years ago. 


TITANIUM is nencorrosive, it cant rust. EVER. 


stainless steel instruments can corrode easily, 
with a destruetive layer of rust that develops 
after a few sterilizations. Sure, stainless 
stee instruments may cost less, until 
yourhave to repair them after a few 
Cases because of rust. 






2 Typical Stainless Steel 
Instrument After Repeated 
Sterilization Cycles 





After unlimited sterilization cycles, IOLAB TITANIUM 
Instruments by MICRA will not rust. Plus, TTTANIUM’s 
light weight complements your feel for that extra 
measure of precision. 


TITANIUM is harder and stronger than stainless 
steel for even longer-lasting durability. 


In the long run, IOLAB TITANIUM 
Instruments by MICRA will deliver . 
greater value. Why? No corrosion. 
No rust. Four times stronger 
than stainless steel means ae aa 
a longer life with fewer t a 
repairs. or 










F JOLAB TITANIUM 
_ Instrumen After Repeated 
Sterilization Cycles 


IOLAB Titanium Instruments by MICRA. 


igba TREE BeBe wedes 
GRRE IRAE Z 
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Your guarantee of quality, dependability and NO RUST. 
That's Guaranteed! 
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— INTRAOCULAR _ 


a fohmonaføhmon company company 


500 lolab Drive, Claremont, California 91711 - Telephone: (714) 624 - 2020 » Toll Free: (800) 423-1871 «In Calit.: (800) 352 -1891 


© IOLAB 1987 2197-887-1197 


Portrait of Noncomplia 





Or, was that yesterday?” 





When multiple-drug regimens 
create multiple-druzg problems, you 
tae can help make sure compliance isnt 
o among them. 

| Prescribe the only pilocarpine with 
the compliance-encouraging “C Cap” 
advantage—Pilagan™ with C Cap™ 
Compliance Cap. 

ONLY PILAGAN™ WITH C CAP 
ENCOURAGES PROPER COM- 
PLIANCE BY: 

- Tracking the next dose to be taken, 

- Providing a means for others to 
monitor compliance, 

e Minimizing confusion for patients 
on multidose therapy or multiple 
medications, and 

- Offering the cooling, soothing 
effects of Liquifilm® (14% polyviny! 
alcohol). 


Please see adjacent page for brief 
summary of prescribing information. 








s—. »  Pilagan” 


Pilagan $e pee pe, ; 

a Liquifilm® sterile ophthalmic 
C Cap solution with 

COMPLIANCE C 


u CD 


Compliance Cap Q.I.D. 
Is mL 


Sig Plagas wih C (Qt 
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IOPIDINE ™ 


(apraclonidine hydrochloride) 


1% As Base 


Sterile Ophthalmic Solution 


DESCRIPTION: IOPIDINE ™ Ophthalmic Solution contains apraclonidine 
hydrochloride, an alpha adrenergic agonist, in a sterile isotonic solution for 
topical application to the eye. Apraclonidine hydrochloride is a white to off-white 
powder and is highly soluble in water. Its chemical name is 2-{(4-amino-2,6 
dichlorophenyl) imino]imidazolidine monohydrochloride with an empirical 
formula of CgH,;ClN, and a molecular weight of 281.6. The chemical structure 
of apraclonidine hydrochloride is: 


Each mL of lOPIDINE Ophthalmic Solution contains: Active —Apraclonidine 
hydrochloride 11.5 mg equivalent to apraclonidine base 10 mg; Preservative — 
Benzalkonium chloride 0.01%: Inactive- Sodium chloride. sodium acetate, 
sodium hydroxide and/or hydrochloric acid (pH 4.4-7.8) and purified water. 
DM-00 
CLINICAL PHARMACOLOGY 
Apraclonidine is a relatively selective, alpha adrenergic agonist and does not 
have significant membrane stabilizing (local anesthetic) activity. When instilled 
into.the eye, IOPIDINE (apracionidine hydrochloride) Ophthalmic Solution has 
the action of reducing intraocular pressure. Ophthalmic apraclonidine has 
minimal effect on cardiovascular parameters. 


Optic nerve head damage and visual field loss may result from an acute 
elevation in intraocular pressure that can occur after argon laser surgical 
procedures. Elevated intraocular pressure, whether acute or chronic in duration, 
is a Major risk factor in the pathogenesis of visual field loss. The higher the peak 
or spike of intraocular pressure, the greater the likelihood of visual field loss and 
optic nerve damage especially in patients with previously compromised optic 
nerves. The onset of action with IOPIDINE Ophthalmic Solution can usually be 
noted within one hour and the maximum intraocular pressure reduction usually 
occurs three to five hours after application of a single dose. The precise 
mechanism of the ocular hypotensive action of IOPIDINE Ophthalmic Sdlution is 
not completely established at this time. Aqueous fluorophotometry studies in 
man Suggest that its predominant action may be related to a reduction of 
aqueous formation. 


Controlled clinical studies of patients requirin argon laser trabeculoplasty or 
argon laser iridotomy showed that IOPIDINE Ophthalmic Solution controlled or 
prevented the postsurgical intraocular pressure rise typically observed in 
patients after undergoing those procedures. After surgery, the mean intraocular 
pressure was 1.9 to 4.0 mmHg below the corresponding presurgical baseline 
pressure before IOPIDINE ™ Ophthalmic Solution treatment. With placebo 
treatment, postsurgical pressures were 2.5 to 8.4 mmHg higher than their 
corresponding presurgical baselines. Overall, only 2% of patients treated with 
IOPIDINE Ophthalmic Solution had severe intraocular pressure elevations (spike 
= 10 mmHg) during the first three hours after laser surgery, whereas 21% of 
placebo-treated patients responded with severe pressure spikes (Table 1). Of 
the patients that experienced a pressure spike after surgery, the peak intraocular 
pressure was above 30 mmHg in most patients (Table 2) and was above 50 
mmHg in seven placebo-treated patients and one IOPIDINE Ophthalmic 
Solution-treated patient. 


Table 1 
Incidence of Intraocular Pressure Spikes = 10 mmHg 
Treatment 
Apraclonidine Placebo 
Stud Laser Procedure P-Value N? % N? % 
1 Overall <0.05 0/51 0%) 10/45 Gos 
2 Overall <0.05 2/58 3% 12/61 (20% 
1 Trabeculoplasty <0.05 0/40 (0%) 6/35 (17%) 
2 Trabeculoplas =0.06 2/41 5% 8/42 (19%) 
1 Iridotomy <0.05 0/11 0%) 4/10 (40%) 
2 Iridotom =0.05 0/17 0% 4/19 21%) 
*N = Number Spikes / Number Eyes. 
Table 2 


Magnitude of Postsurgical Intraocular Pressure in Trabeculoplasty 
and Iridotomy Patients With Severe Pressure Spikes = 10 mmHg 


Total Maximum Postsurgical Intraocular Pressure (mmHg) 
Treatment Spikes 20-29 mmHg 30-39 mmHg 40-49 mmHg > 50 mmHg 


Apraclonidine 2 0 0 1 1 
Placebo 22 1 10 4 7 
INDICATIONS AND USAGE 


lOPIDINE (apraclonidine hydrochloride) Ophthalmic Solution is indicated to 
control or prevent postsurgical elevations in intraocular pressure that occur in 
patients after argon laser trabeculoplasty or argon laser iridotomy. 
CONTRAINDICATION 

Hypersensitivity to any component of this medication or to clonidine. 
PRECAUTIONS 

General 

Since IOPIDINE Ophthalmic Solution is a potent depressor of intraocular 
pressure, patients who develop exaggerated reductions in intraocular pressure 
should be closely monitored. 


341530 January 1988 


Although the acute administration of two drops of IOPIDINE ™ Ophthalmic 
Solution has minimal effect on heart rate or blood pressure in clinical studies 
evaluating patients undergoing anterior segment laser surgery, the preclinical 
pharmacologic profile of this drug suggests that caution should be observed in 
treating patients with severe cardiovascular disease including hypertension. 


The possibility of a vasovagal attack occurring during laser surgery should be 
considered and caution used in patients with history of such episodes. 


Topical ocular administration of two drops of 0.5%, 1.0% and 1.5% IOPIDINE 
Ophthalmic Solution to New Zealand Albino rabbits three times daily for one 
month resulted in sporadic and transient instances of minimal corneal l 
cloudiness in the 1.5% group only. No histopathological changes were noted in 
those eyes. No adverse ocular effects were observed in cynomolgus monkeys 
treated with two drops of 1.5% IOPIDINE Ophthalmic Solution applied three 
times daily for three months. No corneal changes were observed in 320 humans 
given at least one dose of 1.0% IOPIDINE Ophthalmic Solution. 


Drug Interactions . 
Interactions with other agents have not been investigated. 


Carcinogenesis, Mutagenesis, Impairment of Fertility 

In a variety of in vitro cell assays, apraclonidine was nonmutagenic. Studies 
addressing carcinogenesis and the impairment of fertility have not been 
conducted. 

Pregnancy Category C 

There are no adequate and well controlled studies of IOPIDINE Ophthalmic 
Solution in pregnant women. Animal reproduction studies have not been 
conducted with apraclonidine hydrochloride. This medication should be used in 
pregnancy only if the potential benefit to the mother justifies the potential risk 
to the fetus. 

Nursing Mothers 

It is not known if topically applied IOPIDINE Ophthalmic Solution is excreted 
in human milk. A decision should be considered to discontinue nursing 
temporarily for the one day on which IOPIDINE Ophthalmic Solution is used. 


Pediatric Use 
Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

The following adverse events were reported in association with the use of 
IOPIDINE Ophthalmic Solution in laser surgery: upper lid elevation (1.3%), 
conjunctival blanching (0.4%) and mydriasis (0.4%). 


The following adverse events were observed in investigational studies dosing 

IOPIDINE Ophthalmic Solution once or twice daily for up to 28 days in nonlaser 

Studies: 
OCULAR: Conjunctival blanching, upper lid elevation, mydriasis, burning, 
discomfort, foreign body sensation, dryness, itching. hypotony, blurred or 
dimmed vision, allergic response, conjunctival micronemorrhage 
GASTROINTESTINAL: Abdominal pain, diarrhea, stomach discomfort, emesis 
CARDIOVASCULAR: Bradycardia, vasovagal attack, palpitations, orthostatic 
episode . 
CENTRAL NERVOUS SYSTEM: Insomnia, dream disturbances, irritability, 
decreased libido 
OTHER: Taste abnormalities, dry mouth, nasal burning or dryness, headache, 
head cold sensation, chest heaviness or burning, clammy or sweaty palms, 
body heat sensation, shortness of breath, increased pharyngeal secretion, 
extremity pain or numbness, fatigue, paresthesia, pruritus not associated 
with rash 


OVERDOSAGE 

No information is available on overdosage in humans. The oral LDso of the drug 
ranged from 3-8 mg/kg in mice and 38-107 mg/kg in rats. The intravenous LDso 
of the drug ranged from 6-9 mg/kg in mice and 9-21 mg/kg in rats. LDsp values 
in these ranges are indicative of a drug with a high degree of toxicity. 


DOSAGE AND ADMINISTRATION 

One drop of IOPIDINE Ophthalmic Solution should be instilled in the scheduled 
operative eye one hour before initiating anterior segment laser surgery anda 
second drop should be instilled to the same eye immediately upon completion of 
the laser surgical procedure. 


HOW SUPPLIED 

lOPIDINE (apracionidine hydrochloride) Ophthalmic Solution 1% as base is a 
Sterile, isotonic, aqueous solution containing apracionidine hydrochloride. 
Supplied as follows: 0.25 mL in plastic ophthalmic dispensers, sep two 
per pouch. These dispensers are enclosed in a foil overwrap as an added barrier 
to evaporation. 

0.25 mL: NDC 0065-0660-25 


STORAGE | 
Store at room temperature. Protect from light. 


U.S. Patent No. 4,517,199 


Alcon: 
SURGICAL 


Jointly Manufactured By: 
Alcon Laboratories, Inc. 
Fort Worth, Texas 76134 USA 


and 
Automatic Liquid Packaging Corp. 
Arlington Heights, Illinois 60005 
Printed in USA 


IOF UONE Seme Upn amie 


(Apraclonidine Hydrochloride) 1% as Base 
New Generation drug controls 
post-laser IOP spikes 













































First drug in new class of Ocular Laser 

Surgical Agents 

m Clonidine-derived alpha adrenergic 
agonist 

= Controls or prevents acute postop IOP 
spikes (during first three critical hours) 
following argon laser trabeculoplasty 
and iridotomy 


Many glaucoma patients at risk 

E Some degree of IOP elevation occurs in 
over 50% of laser-treated patients 

m IOP spikes > 10 mmHg occur in 20% or 
more of laser treated eyes 

i Æ Susceptible patients have experienced 

IOP spikes, visual field damage and/or 

Vision loss 

~ @ Existing drugs do not consistently pre- 

vent or reduce IOP spikes 


IOPIDINE resolves the problem 

# Demonstrated significant IOP sup- 
pressing ability in double-masked, con- 
trolled clinical studies™ '®-? 

m Only two drops needed 
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patients could adjust. Today, I try 
to help them understand how far 
cataract treatment has come in 
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Ocufen° 
(flurbiprofen sodium) 0.03% GLAUCOMA SPECIALIST & 


Liquifilm® sterile ophthalmic solution 


INDICATIONS AND USAGE 
Ocufen is indicated for the inhibition of intraoperative miosis. ar ê 
GONTRAINDICATIONS Ochsner Clinic seeks excellent subspecialty- 


Ocufen is contraindicated in epithelial herpes simplex keratitis (dendritic trained ophthalmologist to assume an estab- 
keratitis) and in individuals who are hypersensitive to any components of 


the medication. lished glaucoma practice with affiliated residen- 
WARNINGS i i 
There exists the potential for cross-sensitivity to acetylsalicylic acid and cy program. Starting salary commensurate with 


other nonsteroidal anti-inflammatory drugs. Therefore, caution should be experience, productivity bonus, generous fringe 
used when treating individuals who have previously exhibited sensitivities 


to these drugs. benefits. Send C.V. to: 

PRECAUTIONS 

General: Patients with histories of herpes simplex keratitis should be 

monitored closely. Ocufen is contraindicated in patients with active herpes ? i 
simplex keratitis. Wound healing may be delayed with the use of Ocufen. Richard Hesse, M.D. 

Drug interactions: Interaction of Ocufen® (flurbiprofen sodium) 0.03% i 

Liquifilm® sterile ophthalmic solution with other topical ophthalmic medica- Chairman, Department of Ophthalmology 
tions has not been fully investigated. Ochsner Clinic 

Although clinical studies with acetylcholine chloride and animal studies , 

with acetylcholine chloride or carbachol revealed no interference, and there 1514 Jefferson Highway 

is no known pharmacological basis for an interaction, there have been 

reports that acetylcholine chloride and carbachol have been ineffective New Orleans, LA 70121 


when used in patients treated with Ocufen. 


Carcinogenesis, mutagenesis, impairment of fertility: Long-term studies 
in mice and/or rats have shown no evidence of carcinogenicity or impair- 
ment of fertility with flurbiprofen. Long-term mutagenicity studies in animals 
have not been performed. 


Pregnancy: Pregnancy category C. Flurbiprofen has been shown to be em- 
bryocidal, delay parturition, prolong gestation, reduce weight, and/or slightly 
retard growth of fetuses when given to rats in daily oral doses of 0.4 mg/kg 
(approximately 185 times the human daily topical dose) and above. There 
are no adequate and well-controlled studies in pregnant women. Ocufen 
should be used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus. 


Nursing mothers: It is not known whether this drug is excreted in human 
milk. Because many drugs are excreted in human milk and because of 
the potential for serious adverse reactions in nursing infants from flurbiprofen 
sodium, a decision should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance of the drug to 
the mother. 


Pediatric use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

The most frequent adverse reactions reported with the use of Ocufen are 
transient burning and stinging upon instillation and other minor symptoms 
of ocular irritation. 


It is known that some systemic absorption does occur with ocularly ap- 
plied drugs, and that nonsteroidal anti-inflammatory drugs have been shown 
to increase bleeding time by interference with thrombocyte aggregation. 
There have been reports that ocularly applied Ocufen may cause an in- 
creased bleeding tendency of ocular tissues in conjunction with surgery. 
It is recommended that Ocufen be used with caution in surgical patients 
with known bleeding tendencies or who are receiving other medications 
which may prolong bleeding time. 


























Full-time academic positions in Ocular Pathology and 
Vitreo/Retinal surgery at Indiana University School of 
Medicine, V.A. Hospital, and Wishard Hospital, at the 
level of Assistant Professor. Responsibilities include, 
resident and medical student teaching, clinic and private 
patient coverages and research. Requirements include, 
eligibility for licensure in Indiana and Board certification. 
Individuals should have fellowship training in their 
sub-specialty from a fully accredited institution. 


Indiana University is an Equal Opportunity and Affirma- 
tive Action employer. Send C.V., and list of references 
to: 


Robert Yee, M.D. 

c/o Sandra Eads 

Indiana University 

Department of Ophthalmology 3 
702 Rotary Circle 

Indianapolis, Indiana 46223 
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Instructiens for Authors 


| Norte: Pleaseread these instructions carefully—technical deficien- 


cies must be correeted before manuscripts can be reviewed. 

Send manuscriptsto the Editor, Morton F. Goldberg, MD, Univer- 
sity of Illinois Byeand Ear Infirmary, 1855 W Taylor St, Chicago, IL 
60612; (812) 996-2327. Manuscripts are received with the under- 
standing that they have not previously been published anywhere in 
any language and are not under simultaneous consideration by 
another publication. A complete manuscript submitted following 
presentationor publication of preliminary findings elsewhere (eg, 
in an abstract) can be considered. Include copies of possibly 
duplicative material. Accepted manuscripts become the permanent 
property of the ARCHIVES and may not be published elsewhere 
without permissien from the publisher (AMA). After initial 
publication, certaim articles will appear in translation in the 
Chinese-language edition. 

The text should, in general, not exceed 14 double-spaced type- 
written pages. 

Transmittal letters to the editor must contain the following language: 
“In consideration ef the American Medical Association’s taking action 
in reviewing and editing my submission, the author(s) undersigned hereby 
transfers, assigns, or otherwise conveys all copyright ownership to the 
AMA in the event that such work is published by the AMA.” This 
statement must be signed by al/ authors listed before it can be sent out 
for review. We regret that transmittal letters not containing the 
foregoing lamguage signed by all authors of the submission will 
necessitate delay im the review of the manuscript. 

In case the work was done by a federal employee, each author 
must inelude a signed statement that the work reported was done 
while he or she was employed by the federal government. 

Auther Responsibility.— All accepted manuscripts are subject to 
copy editing. The corresponding author will receive an edited 
typescript rather than galley proofs for approval. The author is 
responsible for all statements in his work, including changes made 
by the copy editor: Designate one author as correspondent and 
provide his address and telephone number. A manuscript should 
not ordinarily listamore than six authors. If more than six authors 
are listed, a detailed written description of each person’s personal 
contributions should be submitted with the manuscript. Such 
contributions must be substantial. 

Manuscript Pregaration.—Submit an original typescript and two 
high-quality copies. All copy (including references, legends, and 
tables) must be taped double-spaced on 21.6 X 27.9-cm (8⁄2 X 11- 
in) paper. Marginswf at least 2.5 cm (1 in) must be provided. If a 
word processor is used, do not justify the right margin. 

Titles.—Titles should be short, specific, and clear and typed ona 
special page. They should not exceed 42 characters per line, 
including punctuation and spaces, and be limited to two lines, if 
possible. The title page should include the first name, middle 
initial, and last mame of all authors with their highest academic 
degree and professienal affiliation of all authors and city location. 
It should also include the address (if different from the senior 
author's) to which requests for reprints should be sent. 

Informed Consent.— Manuscripts reporting the results of experi- 
mental investigations of human subjects must include a statement 
to the effeet that legal requirements governing consent were 
met. 

Refer to patients by number, eg, patient 1 (or, in anecdotal 
reports, by fictitious given names). 

Proprietany Statement.—If the article discusses in any way a 
device, equipment, an instrument, or a drug, the author(s) must 
state in a footnote whether they do or do not have any commercial 
or proprietary interest in the product or company. Likewise, they 
must reveal whether they have any financial interest as a 
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consultant, reviewer, or evaluator. In addition, authors must 
disclose any financial interest owned by a spouse, minor child, 
blood relative living in the same household, or known to be held by 
the author’s employer, partner, or business associate. 

Abstract.—Provide an abstract (135-word maximum) of the 
article, including statements of the problem, method of study, 
results, and conclusions. The abstract should be specific and 
sufficiently complete to allow the reader a quick evaluation of the 
paper. Do not include a “summary” section in the main manu- 
script. 

References.—List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent citations 
should be to the original number. All references must be cited in 
the text or tables. Unpublished data and personal communications 
should not be listed as references but parenthetically within the 
text. References to journal articles should include (1) author(s) (if 
more than three, write “et al” after the third name), (2) title, (3) 
journal name (as abbreviated in Jndex Medicus), (4) year, (5) 
volume number, and (6) inclusive page numbers, in that order. 
References to books should include (1) author(s}, (2) chapter title 
(if any), (3) editors (if any), (4) title of book, (5) eity of publication, 
(6) publisher, (7) year, and (8) page, if indicated. 

SI Units.—Use Système International (SI) measurements 
throughout the manuscript. (Exceptions are visual acuity mea- 
surements and intraocular pressure recordings: ) 

Illustrations. — Use only those illustrations that clarify and aug- 
ment the text. More than ten total illustrations per manuscript 
would have to be justified. Submit illustrations (5 X 7 in) in 
triplicate, unmounted and untrimmed. Do not send original 
artwork. Send high-contrast glossy prints. Figure number, name 
of senior author, and arrow indicating “top” should be typed on a 
gummed label and affixed to the back of each illustration. 
Illustrations submitted for publication may be relettered to 


PLEASE NOTE: Most COMMON ERRORS TO AVOID 
FOR BOTH ORIGINAL ARTICLES AND LETTERS TO THE EDITOR 
(SECRETARY'S CHECKLIST) 


— (1) Failure to send original typed manuscripts plus two 
copies. 

(2) Failure to double-space entire manuscript (abstract, 
references, legends, and tables). 

(3) References not in proper format, net in numerical 
order, or not cited in text. 

(4) Use of 1'2-spacing rather than double-spacing. Do 
not justify right margins. 

(5) Failure to send three sets of illustrations/photo- 
graphs or original color slides plus two sets of color 
prints. 

(6) Title too long. 

(7) Failure to label abstract or to provide abstract (not 
needed for letters to the editor), case reports, photo 
essays). Abstract too long. 

(8) Incomplete or improper consent forms for patient 
photographs; improper or incomplete legends. 

(9) Failure to include copyright transmittal form 
(needed for both original articles amd letters to the 
editor). Failure to include proprietary statement. 

—(10) Failure to include all authors’ personal signatures 
on copyright transmittal form (see paragraph 3). 

—(11) Failure to designate the corresponding author and 
provide phone number and address. 

—(12) Failure to include consent forms for illustrations 
previously published elsewhere. Failure to indicate 
willingness to pay for author’s share of color illus- 
trations. 
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` achieve uniformity of lettering style throughout the journal. 


Magnification and stain should be provided when pertinent. 
Illustrations in full color are accepted for publication if the 
editors believe that color will add significantly to the published 
manuscript. Please submit one set of positive transparencies (35 
mm slides) and two sets of color prints. The ARCHIVES will pay 
part of the expense of reproduction and printing color illustra- 
tions, the remainder to be borne by the author. Submit a state- 
ment indicating author’s willingness to accept this cost. After 
deducting the ARCHIVES contribution, the author’s share is $400 


_ for up to six square-finished illustrations that can be arranged on 


a one-page layout. Any additional illustrations or special effects 
will be billed to the author at cost. 

Legends.— Legends must be typed double-spaced, beginning on a 
separate sheet of paper. Length should be limited to a maximum 
of 40 words and should allow the illustration to be fully under- 
standable without recourse to the text. Use arrows, letters, etc, for 
enhanced understanding. 

Authorized Use of Photographs.—Recognizable photographs may 
be taken and published only if specifically consented to by the 
patient. To facilitate proof, the consent should be in writing. Any 
restrictions or limitations on the consent must be strictly 
observed; eg, eyes are blocked out only as a condition of consent. 
Consent forms must include a specific statement that photographs 
and information related to a case may be published either 
separately or in connection with each other, in professional 
journals or medical books, provided that it is specifically under- 
stood that the patient shall not be identified by name. Parental 
consent for publication of photographs and information related to 
the case must include signature of both living parents. Consent 
releases for minors without living parents must be signed by the 
legally appointed guardian. Submit consent forms with the manu- 
script. 

Acknowledgments.— Illustrations from other publications are 
rarely published but if used must be acknowledged. Include the 
following when applicable: author(s), title of article, title of 
journal or book, volume number, page(s), month, and year. The 
publisher’s permission to reprint must accompany the manu- 
script. 

Statistical Consultation.— We recommend that statistical consul- 
tation be obtained as early as possible for studies with statistical 
content. The name and affiliation of the statistical consultant (if 


different from the author[s]) should be included. 

Tables.— Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6 X 27.9-cem (8% X 11-in) 
paper. Do not use larger paper. If a table must be continued, use a 
second sheet and repeat all heads and stubs. Each table must have 
a fitle. 

Photo Essay.—Manuscripts for this section should emphasize 
the visual aspects of the subject presented. The picture(s) should 
be of high quality and should be self-explanatory. The photo- 
graphs can be of clinical entities, laboratory studies and findings 
(eg, smears, histologic sections), diagnostic techniques (roentgen- 
ograms, computed tomographic scans, magnetic resonance image, 
ultrasound, etc), therapeutic procedures, er a combination. A 
concise essay, limited to 250 words, describing the clinical or 
laboratory information, photograph(s), and a brief list of refer- 
ences (five or less), if pertinent, should be submitted in triplicate. 
Articles will be limited to one to two printed pages, and all 
material must fit into this format. Refer to the general “Instruc- 
tions for Authors” for other requirements. 

Correspondence and Case Reports.—Contributions to this section 
may include comments on articles published in the ARCHIVES, 
informative case reports, or other matters of ophthalmic interest. 
Such letters are subject to editorial review and will be published 
as space and editorial priorities permit. Published letters will be 
listed by author and title in the table of contents, and authors and 
subjects are indexed by the major indexing services. Letters to the 
edizor and Case Reports ordinarily should not exceed 500 words in 
length. There should be a maximum of three references. Two 
figures or one figure plus one table can be printed. The typescript 
should be double-spaced with a ragged right hand margin and 
submitted in triplicate. A copyright transmittal letter signed by 
all authors must accompany the letter. Please refer to “Instruc- 
tiors for Authors” for additional requirements. 

Reprints.— Reprints can be ordered at the time the typescript is 
returned after editorial processing. 

AMA Manual of Style.—This 1988 edition, formerly the Manual 
for Authors & Editors, is available from Williams & Wilkins, 428 E 
Preston St, Baltimore, MD 21202. Single copy price: $24.95. A 
shipping charge is added on all orders not prepaid. If additional 
ordering information is needed, or to order by telephone, call 
1-800-638-0672. 


From the Archives of the Archives 


Ophthalmic surgery improves as time goes by 


The operative field of our specialty has also not stood still; there the operations fer 
cataract and glaucoma bear witness. The operation for cataract has undergone many 
improvements since Daviel, in 1746, substituted extraction of the lens for couching. Von 
Graefe’s discovery, in 1857, of the cure of glaucoma by iridectomy has saved the sight of 
innumerable sufferers. The introduction of antisepsis by Lister, with the later develop- 
ment of aseptic methods, rendered the ocular operations free from surgical infection. 
The next step to assure surgical success came about through the use of cocaine by Dr. 
Carl Koller, living among you now, who used it in Vienna, in 1884, for the first operations 
of pain, but it is used in many other beneficient ways in the practice of medicine and 
surgery. Those of us of some age have lived through the period of many of the advances 
in our science which I have mentioned. So in regard to cocaine I can better judge than 
most oculists the enormous advantage of its application in operations on the eye, es 
during the first twelve years of my professional career I had to perform operations 
without the use of cocaine and without a general anesthetic. 


SOURCE: Professor E. Fuchs: Development of ophthalmology in Europe. 


Edited by Jean Schaffner, Editorial Assistant 


1156 Arch Ophthalmol—Vol 106, Sept 1988 





Arch Ophthalmol 1930;3:141 


From the Archives 
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YOU 
LIKE THEM? 


It's your call. A handy, compact journal 


OCULAR 
RESOURCES 
COMPUTERSCAN 





OCULAR | or a monthly computer disk? 
RESOURCES | | Either way you'll keep abreast of over 
= REVIEW 100 ophthalmic journals, current books 
JULY 1988 and audio tapes from around the world. 
——o7 l Virtually all of our monthly listings are 
| less than 3 months old. We're far more e Conducts "keyword" searches 

e Over 1,000 listings each month | current (and a lot less expensive) than any | (words/subjects/names that 
in easy-to-read format. | on-line computer service. you designate) in seconds. 

e Convenient size allows you to NEED A REPRINT? e Sent by mail to you each 
search for resources wherever | | month — eliminates costly 
you go. | No problem. Just call our toll-free on-line searches. i 

| number (800) 9-O-C-U-L-A-R, tell us 

* Resource information listedin | whatyou'd likeand we'llsendareprintto | e Optional "Eye-Brary" storage 
each issue for easy reference. | you in a matter of days. ($4 per article.) | software available. 


TO ORDER: CALL (800) 9-O-C-U-L-A-R ¿nois can 
Subscription rates: Ocular Resources Review (12 issues) $32; ComputerScan (12 disks) $45 
Special rates for residents, fellows and students; Visa/Mastercard accepted 










of preseribing InlOrr gue 


OPHTHALMOLOGISTS 


Urgently needed in developing 
countries to train national physi- 
cians and develop programs. Chris- 
tian Blind Missien International is an 
interdenominational organization 
established in 1908, dedicated to 
helping blind and handicapped peo- 


ple through medical, educational 
and rehabilitation services. 


Contact: 

D. bovingood 
CMBI-USA 
P.0. Box 175 
Wheaton, IL 60189 
(312) 690-0300 
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Research Assistant Professor posi- 
tion available at the Scheie Eye 
Institute—Department of Ophthal- 
mology, School of Medicine, Univer- 
sity of Pennsylvania to work on 
retinal pigment epithelial cell biolo- 
gy. Experience in cell/tissue cul- 
ture, biochemical (protein purifica- 
tion, HPLC) and morphologic (EM, 
HVEM, immunocytochemistry ) 
techniques required. Salary nego- 
tiable. Send CV and the name of 3 
references to: Gustavo Aguirre, 
VMD, University of Pennsylvania, 
3850 Spruce Street, Philadelphia, 
PA 19104-6010. Affirmative Ac- 
tion/Equal Opportunity Employer 
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Western Pennsylvania 


General Ophthalmology 


e Exchange urban hassles for 
advantages of a community 
practice 


e Practice includes surgery 
and consults 


e Hospital sponsored, includ- 
ing guarantee, effice start- 
up, and initial marketing 


e Good access to university 
for CME -- 50 miles from 
Pittsburgh 


Write or call Mr. Witson Ross: 


Daniel Stern and Associates 
Suite 240 The Medical Center East 
211 North Whitfield Street 
Pittsburgh, PA 15206 
800/438-2476 
412/363-9700 
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Pred Forte® 


(prednisolone acetate) 1.0% 
sterile ophthalmic suspension 


INDICATIONS AND USAGE: Pred Forte is indicated for the treatment 


of steroid responsive inflammation of the palpebral and bulbar 
conjunctiva, cornea and anterior segment of the globe. 


CONTRAINDICATIONS: Pred Forte is contraindicated in acute un- 
treated purulent ocular infections, acute superficial herpes sim- 
plex (dendritic keratitis), vaccinia, varicella and most other viral 
diseases of the cornea and conjunctiva, ocular tuberculosis, and 
fungal diseases of the eye. It is also contraindicated for individu- 
als sensitive to any components of the formulation. 


WARNINGS: Contains sodium bisulfite, a sulfite that may cause 
allergic-type reactions, including anaphylactic symptoms and life- 
threatening or less severe asthmatic episodes in certain suscept- 
ible people. The overall prevalence of sulfite sensitivity in the general 
population is unknown and probably low. Sulfite sensitivity is seen 
more frequently in asthmatic than in nonasthmatic people. 


In those diseases causing thinning of the cornea, perforation has 
been reported with the use of topical steroids. 


Since Pred Forte contains no antimicrobial, if infection is present, 
appropriate measures must be taken to counteract the organisms 
involved. 


Acute purulent infections of the eye may be masked or enhanced 
by the use of topical steroids. 


Use of steroid medication in the presence of stromal herpes simplex 
requires caution and should be followed by frequent mandatory 
slit-lamp microscopy. 


As fungal infections of the cornea have been reported coinciden- 
tally with long-term local steroid applications, fungal invasion may 
be suspected in any persistent corneal ulceration where a steroid 
has been used, or is in use. 


Use of topical corticosteroids may cause increased intraocular 
pressure in certain individuals. This may result in damage to the 
optic nerve, with defects in the visual fields. It is advisable that the 
intraocular pressure be checked frequently. 


Posterior subcapsular cataract formation has been reported after 
heavy or protracted use of topical ophthalmic corticosteroids. 


PRECAUTIONS: General: Patients with histories of herpes simplex 
keratitis should be treated with caution. 


Carcinogenesis, mutagenesis, Impairment of fertility: No studies 
have been conducted in animals or in humans to evaluate the 
potential of these effects. 


Pregnancy Category C: Prednisolone has been shown to be ter- 
atogenic in mice when given in doses 1-10 times the human dose. 
There are no adequate well-controlled studies in pregnant women. 
Prednisolone should be used during pregnancy only if the poten- 
tial benefit justifies the potential risk to the fetus. 


Dexamethasone, hydrocortisone and prednisolone were ocularly 
applied to both eyes of pregnant mice five times per day on days 
10 through 13 of gestation. A significant increase in the incidence 
of cleft palate was observed in the fetuses of the treated mice. 


Nursing Mothers: It is not known whether topical administration 
of corticosteroids could result in sufficient systemic absorption 
to produce detectable quantities in breast milk. Systemically admin- 
istered corticosteroids are secreted into breast milk in quantities 
not likely to have a deleterious effect on the infant. Nevertheless, 
caution should be exercised when topical corticosteroids are ad- 
ministered to a nursing woman. 


Pediatric Use: Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS: Adverse reactions include increased intra- 
ocular pressure, which may be associated with optic nerve damage 
and defects in the visual fields, posterior subcapsular cataract 
formation, secondary ocular infections from fungi or viruses liber- 
ated from ocular tissues and perforation of the globe when used 
in conditions where there is thinning of the cornea or sclera. Sys- 
pier ai effects may occur rarely with extensive use of topical 
steroids. 


S ALLERGAN PHARMACEUTICALS 
A Division of Allergan, Inc., Irvine, CA 92713 
©1988 


Pediatric Ophthalmology—Asst./Full 
Professor: Duties include expansion of 
patient service, teaching, and subspe- 
cialty-related research. 


General Ophthalmology—Asst./Full 
Professor: Duties include expansion 
of patient service, teaching, and re- 
search. Glaucoma subspecialty interest 
desirable. 


Uveitis—Asst./Full Professor: Duties 


include teaching, developing and 
managing a clinical and research pro- 
gram on uveitis and chronic inflammat- 
ory disease. MD or MD/PhD required. 


John W. Chandler, MD, Professor & 
Chairman, Department of Ophthalmol- 
ogy, UNIVERSITY OF WISCONSIN 
MEDICAL SCHOOL, 600 Highland 
Ave., Madison, WI 53792, (608) 
263-9668. 





SUBSPECIALTY 
OPHTHALMOLOGIST 
KANSAS CITY 


Fellowship trained Ophthalmologist to 
join two Board Certified Generalists 
and establish first subspeciality de- 
partment. Ultramodern office with 
state of art equipment and vigorous 
growing practice. Some general Oph- 
thalmology until subspeciality estab- 


lished. Ethical. Stimulating environ- 
ment-clinical research-40 papers pub- 
lished from our practice. Exceptional 
offer-salary, fringes, production incen- 
tive. 


Contact: 

John C. Hagan Ill, M.D., FACS 

Midwest Eye Institute of 
Kansas City 

2700 Hospital Drive 

North Kansas City, MO 64116 
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IVUL Patstelilo Wilt I UYUI 


look the 
same. 


Reduced patient fatigue—through faster testing — 
results in better fixation and more reliable diagnostic 
data. BioRad’s standard adaptive screening program 
utilizing 100 points in a 30° field runs 40% faster (2.4 
mins.) than competitive machines. In full threshhold 
testing, where reduced patient fatigue is most critical, 
the Digilab Series is in excess of 60% faster (8.0 mins). 


Our unique LED System (compared to slow 
mechanical projection devices) provides you with that 
extra edge — less patient fatigue for more reliable results. 
At BioRad we are committed to the high standards of 
quality eyecare diagnostics for the 1990’s. 


When choosing an automated perimeter, select a 
system that challenges today’s standard of eyecare— 
The Cambridge—The 750—or the 1500 from BioRad. 


For more information on our full line of Perimeters, 
Tonometers and VEP Systems, and a copy of our 
booklet entitled “The Economics of Diagnostic Testing 
on Your Practice” please call 1-800-777-3356. 





Creating Solutions for Eye Care Professionals 


BIORAD, Ophthalmic Division, 237 Putnam Avenue, Cambridge, MA 02139 (800) 777-3356 (617) 499-4542 


Correspondence 


Dr Kushner’s Unneeded Syndrome 


To the Editor.—In the January 1988 issue of the ARCHIVES, 
Dr Kushner' reported an interesting but atypical diplopia 
in a 73-year-old woman which he described as “an unusual 
case of acquired ocular muscle fibrosis after cataract 
surgery.” 

While not anxious to deprive the medical world of the 
“Kushner syndrome,” I am anxious to avoid this causative 
implication of cataract surgery and diplopia in a woman 
with enlarged ocular muscles and restriction of elevation 
that began “several weeks after surgery” and progressed 
“during the subsequent months.” 

Until proved otherwise, this picture is most suggestive of 
euthyroid Graves’ disease or “dysthyroid” orbital myopa- 
thy. Her age, signs, symptoms, laboratory results, com- 
puted tomographic scan, and clinical course were compati- 
ble with, and characteristic of, patients with this diagnosis. 
To suggest that such a multifocal, posterior orbital hyper- 
trophic myopathy is due to a delayed response to the sur- 
gery or to local anesthesia is to offer us and our “semilegal” 
friends another iatrogenic disease we do not need. 

MARTIN LuBow, MD 
Columbus, Ohio 


1. Kushner BK: Ocular muscle fibrosis following cataract extraction. 
Arch Ophthalmol 1988;106:18-19. 


In Reply.—I agree with Dr Lubow that the medical world 
should be spared the “Kushner syndrome” for two reasons. 
Physicians describe diseases or syndromes; they do not 
invent them. I believe it is inappropriate and narcissistic to 
put a physician’s name on a syndrome. 

More importantly, I agree that the causative relation- 
ship between the cataract surgery and the ocular muscle 
fibrosis in my patient is unproved. The normal laboratory 
results do not rule out endocrine ophthalmopathy. Never- 
theless, my patient’s symptoms, which began with tender- 
ness and swelling of the lower lid, began immediately after 
her cataract surgery, not several weeks after surgery as 
suggested by Dr Lubow. Even if her problem was caused by 
endocrine ophthalmopathy, the chronology of events 
makes it difficult to ignore the possibility that the surgery 
precipitated her eye muscle problem. 

I share Dr Lubow’s concern about adding yet another 
item to the growing list of syndromes with medicolegal 
implications. Whether my patient’s diplopia was in fact 
caused by her cataract surgery will have little bearing on 
this issue. There are already numerous reports of ocular 
motility disturbances following cataract surgery, some of 
which are cited in my article. I believe that the addition of 
my single case report to that list does not create a new 
entity about which the cataract surgeon need be con- 
cerned. 

BURTON J. KUSHNER, MD 
Madison, Wis 
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Abnormal Axonemes in X-linked Retinitis Pigmentosa 


To the Editor.—In their article, published in the March 
1988 issue of the ARCHIVES, Hunter et al! state that 
“attempts to elucidate the pathogeneses of these [genetic] 
subtypes have been confounded by studies that have 
considered all patients with RP [retinitis pigmentosa] as a 
single group,” after which two RP studies by my colleagues 
and I are referenced. 

Table 1 in our report? illustrates the great effort the 
UCLA RP Center takes to subdivide patients with RP on 
hereditary and test rationale, while our study (their refer- 
ence 4), which correlated the fluorescein angiographic 
findings with presence or absence of antiretinal antibod- 
ies, also looked at differences between patients with typi- 
cal rod-cone vs cone-rod RP degeneration (type I vs II RP, 
Baltimore classification). The authors appear to be critical 
of the inclusion of patients with RP simplex in studies, yet 
this group constitutes the greatest percentage of patients 
with RP. While they represent a heterogeneous mixture, it 
still may be possible to derive information from these 
patients, particularly if they are correctly labeled. The 
inclusion of patients with RP simplex is a trend that 
should be encouraged, as it means that a study has not 
incorrectly placed these patients in the autosomal reces- 
sive group. 

There is no question that lumping of patients with RP 
without adequate subclassification has been a deficiency of 
some studies, but care must be taken to ensure that 
divisions used are likely to be consistent with the ultimate 
genetic defect or pathogenetic mechanisms. The authors 
are to be commended on an interesting article and the 
pursuit of an accessible tissue model to further study 
RP. 

JOHN R. HECKENLIVELY, MD 
Los Angeles 


1. Hunter DG, Fishman GA, Kretzer FL: Abnormal axonemes in 
X-linked retinitis pigmentosa. Arch Ophthalmol 1988;106:362-368. 

2. Heckenlively JR, Solish AM, Chant SM, et al: Autoimmunity in 
hereditary retinal degenerations: II. Clinical studies: Antiretinal antibodies 
and fluorescein angiogram findings. Br J Ophthalmol 1985:69:758-764. 


Multiple Evanescent White 
Dot Syndrome 


To the Editor.—I found the article by Fletcher et al! 
fascinating. I agree, on reading the elinical course and 
examination findings, that the cause is likely to be retinal. 
I question, however, whether results of the fundus exami- 
nation were normal in the two cases for which photographs 
were published. Both show focal areas of retinal pigment 
epithelial hyperfluorescence. Additionally, the fluorescein 
angiogram of patient 2 may have some leakage at least at 
the 12- and 4-o’clock optic disc locations (possibly more 
diffuse in the later angiogram). Both the fundus photo- 
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graph and fluorescein angiogram of patient 7 appear 
blurred, consistent with mild disc edema (only a late-stage 
angiogram could show certain results). I therefore think 
the findings of mild diffuse pigment epithelial affliction, 
electraretinozraphic abnormalities, probable mild dise 
edema. and corresponding enlarged visual-field blind spot 
are consistent with the multiple evanescent white dot 
syndreme (MEWDS). This presentation and the recurrent 
nature of the symptoms in patient 7 are consistent with a 
previous description of MEWDS by me and my colleagues. 
The photopsia and intermittent positive visual phenomena 
are also consistent with diffuse sensory retinal and/or 
retinal pigm=at epithelial affliction. It would be interest- 
ing to know if any of the patients had symptoms of a 
flulike syndrome within a two- to four-week interval 
preceding the visual symptoms; this sometimes occurs im 
patients with MEWDS. 

The authers are to be commended for their careful 
documentation of the visual field changes in these other- 
wise healthy young individuals. 

THOMAS M. AABERG, MD 
Atlanta 


1. Fleicher WA, Imes RK, Goodman D, et al: Acute ideopathic blind spot 
enlargement: A big blind spot syndrome without optic disc edema. Arch 
Ophthalmol 198=.10644-49. 

2. Aaberg TM Campo R, Joffe L: Recurrences and bilaterality in the 
multiple evanescent white dot syndrome. Am J Ophthalmol 1985; 
100:29-37. 


In Reply.—We agree with Dr Aaberg that MEWDS and 
acute diopachie blind spot enlargement have one impor- 
tant feature im common: they both involve the retina. Here 
their similarity ends. Acute idiopathic blind spot enlarge- 
ment is a sedtoma syndrome in which visual loss is 
peripapillary, absolute in density, and steep-edged at the 
margins. In MEWDS, there are decreased visual acuity, 
anterior chamber and vitreous reaction, visible deep retina 
lesions, and mo dense scotomas. 
The late-stage fluorescein angiograms in patients 2 and 
7 did not shew leakage. Ophthalmoscopic evidence of dise 
edema was absent in all seven patients. None of our 
patients had symptoms of a flulike illness preceding their 
visual symptoms. 
Acute idiopathic blind spot enlargement remains a 
retina disease without an explanation. 
WILLIAM F. Hoyt, MD 
RICHARD K. IMEs, MD 
San Francisco 


Increased Levels of Ceramide in the Retina 
of a Patient With Farber’s Disease 


To the Editor. —Farber’s disease (disseminated lipogranu- 
lomatesis) is am autosomal recessive inherited lysosomal- 
storage disease. The accumulation of ceramide, the N-acyl 
fatty acid derivative of sphingosine, is characteristic of 
Farber’s disease. In nine of 27 patients described in the 
literature, a deficiency of ceramidase, a lysosomal enzyme 
that catalyzes the hydrolysis of the amide linkage between 
the sphingosine and fatty acid moieties, has been proven! 
Recently we deseribed the light and electron microscopic 
findings in the eyes of a 35-month-old girl with Farber’s 
disease.* Herein we report that the retina of this patient 
contamed imereased levels of ceramide. 


Materials and Methods.—High-pressure liquid chromatography 
was used to resolve lipids in 4% formaldehyde-fixed retinal tissue 
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High-pressure liquid chromatographic separation of perbenzoylated 
control (solid line) and Farber’s disease (broken line) retinal lipids. 
identified peaks are (1) cholesterol, (2) nonhydroxy fatty acid (NFA) 
ceramide, (3) hydroxy fatty acid ceramide, and (4) NFA cerebroside. 
No peaks eluted after NFA cerebroside. Retina with Farber’s disease 
had 50% increase in ceramide level compared with control. 


(Figure). Perbenzoylated control retinal lipids and retinal lipids 
from the patient with Farber’s disease (0.1 mg each) were 
separated on a 5-um silica gel column. Elution was carried out 
with a linear gradient (0% to 3%) of isopropanol in hexane 
according to the method of Sugita et al.’ The identified peaks were 
cholesterol, nonhydroxy fatty acid (NFA) ceramide, hydroxy fatty 
acid ceramide, and NFA cerebroside. No peaks eluted after the 
NFA cerebroside. The retina with Farber’s disease had a 50% 
increase in its ceramide content compared with an age- and 
sex-matched control. 


Comment.—The principal ocular histopathologic feature 
of this case was the presence of intracellular inclusions of 
varied morphologic characteristics, including some resem- 
bling curvilinear tubular bodies (CTBs). In vitro, biochem- 
ical, and ultrastructural data suggest that CTBs represent 
accumulated ceramide, and our biochemical data are 
consistent with this notion. Clinically, macular cherry-red 
spots were observed in this case. Histopathologically, the 
retinal ganglion cells showed the greatest changes and 
were distended with lipidlike inclusions (including CTBs). 
The chromatographic data presented herein suggest that 
these and other cells are distended with ceramide. 

Marco A. ZARBIN, MD, PHD 
W. RICHARD GREEN, MD 
ANNE B. Moser, MD 

CAROL TIFFANY 

Baltimore 


1. Moser HW, Chen WW: Ceramidase deficiency: Farber’s lipogranulo- 
matosis, in Stanbury JB, Wyngaarden JB, Frederickson DS, et al (eds): The 
Metabolic Basis of Inherited Disease, ed 5. New York, McGraw-Hill 
International Book Co, 1983, pp 820-830. 

2. Zarbin MA, Green WR, Moser HW, et al: Farber’s disease: Light and 
electron microscopic study of the eye. Arch Ophthalmol 1985;103:73-80. 

3. Sugita M, Iwamari M, Evans J, et al: HPLC of ceramides: Application 
to analysis in human tissues and demonstration of ceramide excess in 
Farber’s disease. J Lipid Res 1974;15:223. 


Correspondence 1163 


‘Avitria’ 


To the Editor.—Vitrectomy is a recognized surgical proce- 
dure that is being used more and more frequently in 
ophthalmology. When a vitrectomy has been performed on 
an eye, either partially or in toto, the eye is now in a 
changed state. A word is needed to indicate this change. 
When the lens has been removed from an eye, the condition 
is called “aphakia” and the eye is referred to as “aphakic.” 
I propose that when the vitreous has been removed from an 
eye, the diagnosis, by analogy, should be “avitria” and the 
eye referred to as “avitric.” 
The state of avitria must be taken into consideration 

when performing other procedures on the eye. 

Louis J. GIRARD, MD 

Houston 


Recognizing Familial Lecithin Cholesterol 
Acyltransferase Deficiency at the Slit Lamp 


To the Editor.—We read with great interest the fine article 
by Vrabec and associates! in the February 1988 issue of the 
ARCHIVES and congratulate the authors on their study of a 
large family with lecithin cholesterol acyltransferase 
(LCAT) deficiency. The main clinical features of this 
complex disturbance in plasma lipids and lipoproteins are 
anemia, proteinuria, and corneal opacities.2 In 1987 we 
reviewed all of the literature on patients with familial 
LCAT deficiency and we described the first case reported 
in Germany.’ Corneal opacification was noted in all homo- 
zygous cases reported in the literature as well as in our 
own patient. In contrast, anemia was present at the time of 
diagnosis in 92% of the reviewed cases and proteinuria was 
present in 76% of cases. Thus, corneal opacification is the 
single obligatory clinical sign of LCAT deficiency. In 
addition to this, the overall opacity pattern is the same in 
all cases and is pathognomonic for the disease: a diffuse 
cloudiness composed of innumerable minute grayish dots 
and a ringlike condensation in the periphery, resembling 
an arcus lipoides. However, this ring differs from typical 
arcus lipoides in its indistinct peripheral margin and a 
limbal zone of mild opacities containing vacuoles. Vrabec 
and associates! additionally mentioned both anterior and 
posterior crocodile shagreen in their patients. Color Fig 3 
in our previous article’ and the present Figure also show 
the diffuse cloudiness to have a shagreenlike appearance. 


Corneal opacification in lecithin cholesterol acyltransferase deficiency. 
(1) Diffuse cloudiness. (2) Arcuslike peripheral densification with fuzzy 
outer margin. (3) Recognizable but not clear interval to limbus. 
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Laboratory Values of a New Patient With Lecithin Cholesterol 
Acyltransferase Deficiency 








Laboratory Measure Patient Normal 


Lecithin cholesterol acyltransferase 

activity, nmol/mL/h 14 70 
Total cholesterol, mmol/L 5.43 4.65-7.19 
Free cholesterol, mmol/L 3.83 1.03-1.94 


High-density lipoprotein cholesterol, 








mmol/L 0.077 0.9-1.93 
Total phospholipids, mmol/L 5.5 2.9-5.2 
Hemoglobin, g/L 121 120-160 





Hematocrit 0.36 0.37-0.47 
Red blood cell count, X 109/L 3.83 4.2-5.4 


Urinary protein, g/d 0.19 0.025-0.07 









This phenomenon may be a result of the patchy lipid 
infiltration of the otherwise-normal corneal stroma‘ and 
should be differentiated from the classic crocodile sha- 
green present in sporadic mosaic degeneration and in 
hereditary central cloudy corneal dystrophy of Francois. 

Recently we detected a new case of LCAT deficiency in a 
72-year-old woman who had no blood relationship to our 
previously described patient. This patient had blurred 
vision because of corneal opacification (Figure) and senile 
cataract. Her corrected visual acuity was 20/80 OD and 
20/30 OS. There were no other striking symptoms. A 
careful slit-lamp analysis of corneal changes enabled us at 
first sight to make a tentative diagnosis, which was 
verified by laboratory tests (Table). 

Since the general symptoms of LCAT deficiency are 
uncertain and the biochemical changes can hardly be 
detected by routine tests, the ophthalmologist is in a key 
position for recognizing the disease. He or she can give 
definite diagnostic advice based on findings from a routine 
slit-lamp examination and can save the patient from 
further invasive diagnostic odysseys. 

EGON G. WEIDLE, MD 
WALTER LIScCH, MD 
Tübingen, West Germany 


1. Vrabec MP, Shapiro MB, Koller E, et al: Ophthalmic observations in 
lecithin cholesterol acyltransferase deficiency. Arch Ophthalmol 1988; 
106:225-229. 

2. Glomset JA, Norum KR, Gjone E: Familial lecithin: Cholesterol 
acyltransferase deficiency, in Stanbury JB, Wyngaarden JB, Fredrickson 
DS, et al (eds): The Metabolic Basis of Inherited Disease, ed 5. New York, 
McGraw-Hill International Book Co, 1983, pp 643-653. 

3. Weidle EG, Lisch W: Hornhauttriibung als Leitsymptom des heredi- 
taren Lecithin-Cholesterin-Acyltransferase-(LCAT-JMangels: Fallbericht 
und Literaturiibersicht. Klin Monatsbl Augenheilkd 1987:190:182-187. 

4. Winder AF, Garner A, Sheraidah GA, et al: Familial lecithin- 
cholesterol acyltransferase deficiency: Biochemistry ef the cornea. J Lipid 
Res 1985;26:283-287. 


A Possible Explanation of the New Fundus Finding 
in Leber’s Congenital Amaurosis 


To the Editor.—In the March 1987 issue of the ARCHIVES, 
Schroeder et al' described two patients with poor vision 
and markedly reduced or extinguished phetopic and scoto- 
pic electroretinograms. They also noted in these patients 
the presence of previously undescribed nummular retinal 
lesions. We wish to comment on their findings in light of a 
patient recently seen at our center. 


Report of a Case.—A 4'2-year-old girl was referred to us with a 
complaint of decreased visual fields. The parents had noted that 
the child was unable to find objects placed in the periphery of her 
visual field since she was 1 year of age. The history diselosed that 
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Funeus photograph of midperiphery demonstrating well-delineated 
pigmented lesions. 


she had a moderate sensory neural hearing deficit that was 
discovered at the age of 3% years. Previous physical and neuro- 
logieal examinatien findings were normal, and there was no 
evidence of mental retardation. A routine urinary amino acid 
screen done shortly after birth revealed no abnormality. The 
fam ly history was negative for similar problems, and there was 
no consanguinity between the parents. 

The eye examination disclosed visual acuities of 6/60 OU. 
Cycloplegic refraction revealed +5.0 diopters (D) OU. There was a 
small concomitant esotropia of 12 D, and, in addition, a slight 
rotary nystagmus was noted. The pupils reacted sluggishly to 
light. The fundusxamination showed normal discs with marked- 
ly attenuated arterioles. Bilaterally, over 360° of the retinal 
midoeriphery and periphery were darkly pigmented, well-defined 
round to oval lesions ranging in size from approximately 0.2 to 2.0 
mm. These lesions appeared to be at the level of the retinal 
pigment epithelmm (RPE) and reminded us of “bear-track” 
lesions of RPE hypertrophy (Figure). Laboratory tests showed 
both the photopic and scotopic electroretinograms to be nonde- 
tectahile. 


Comment.—Our case demonstrates retinal lesions that 
are similar to those described by Schroeder et al. Both the 
size and depth of the lesions appear to be the same. A 
review of the literature in an attempt to explain these new 
retinal findings in terms of previously reported retinal 
lesions was revealing and relevant. 

Duke-Elder’s discussion of melanosis retinae (grouped 
pigmentation of the retina or bear-track lesions of RPE 
hypertrophy) describes both the existence, bilaterality, 
and diffuse retinal distribution of these lesions. In addi- 
tior, they may occur as individual spots or they may be 
grouped together. The diversity and variety of presenta- 
tior (in regard tə lesion size, coloration, density of pigmen- 
tation, and greuping) are diagrammatically well repre- 
sened in his textbook and actually appear quite similar to 
those shown in the article by Schroeder et al. 

There have been previous reports describing associa- 
tiors between bear-track lesions and other diseases (eg, 
dyschondroplasia and Coats’ disease), but Shields and Tso? 
have suggested that these associations were coincidental. 

Sehroeder et al have brought our attention to a putative 
new retinal findimg in two patients with Leber’s congenital 
amaurosis. We suggest rather that these findings can be 
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explained in terms of known retinal lesions—grouped 
pigmentation of RPE hypertrophy. Follow-up examina- 
tions of the patients are required to ascertain the pre- 
sumed static or nonprogressive nature of their retinal 
lesions. Our patient has shown no progression of the 
retinal lesions over the last year. In addition, more case 
reports are needed to determine whether there exists an 
association between this lesion and Leber’s amaurosis or 
whether the occurrence of Leber’s amaurosis and grouped 
pigmentation of the retina are coincidental events. 
MICHAEL QUIGLEY, MD 
JEAN-LOUIS JACOB, MD 
Montreal 


1. Schroeder R, Baird Mets M, Hussels Maumenee I: Leber’s congenital 
amaurosis. Retrospective review of 43 cases and a new fundus finding in two 
eases. Arch Ophthalmol 1987;105:356-359. 

2. Duke-Elder S: Congenital Deformities ef the Eye, in System of 
Ophthalmology. London, Henry Kimpton, 1964, vol 3 ( pt 2), pp 801-802. 

3. Shields JA, Tso MO: Congenital grouped pigmentation of the retina: 
Histologic description and report of a case. Arech Ophthalmol 1975:93:1153- 
1155. 


Suturing of Stents After Dacryocystorhinostomy 


To the Editor.—We read with interest the correspondence 
by Jordan and Anderson' describing the technique for 
prevention of prolapse of silicone stents following dacryo- 
cystorhinostomy surgery. As this is a fairly common and 
inconvenient occurrence in the postoperative period, we 
immediately adopted their technique to secure the stents 
at the time of dacryocystorhinostemy. As Jordan and 
Anderson recommended, we used a 4-9 silk suture to secure 
the two arms of the silicone loop to each other with a 
square knot placed below the internal common punctum. 

In the first 17 patients in whom this additional step was 
taken, there were no prolapsed tubes. Interestingly, how- 
ever, three patients developed the unusual complaint of a 
foul odor noted respectively at 3, 5, and 8 weeks postoper- 
atively. One patient described the odor as smelling “like a 
dirty diaper in my nose.” We had never previously heard 
this complaint among several hundred patients undergo- 
ing dacryocystorhinostomy with plaeement of stents per- 
formed before the addition of the silk suture knot. A 
thorough search for retained packing material was made 
without result, but in each case the foul odor disappeared 
immediately after removal of the stent and its attached 4-0 
silk suture. 

Braided silk sutures are known te provide a nidus for 
bacterial colonization and infection.* The rough, irregular 
surface also provides a platform ‘or increased mucus 
deposition. The position of the silk suture around the 
stents high in the nasal vault places it in immediate 
proximity to the olfactory apparatus on the cribriform 
plate. This ensures that the slightest malodor caused by 
mucus buildup and bacterial colonization is acutely per- 
ceived by the patient. The three patients all stated that the 
foul odor was so pungent that they were certain that 
people around them in the room must be aware of it as 
well. However, no foul odor could be detected by their 
acquaintances or us when in direct proximity to the 
external nasal ala. 

We have subsequently modified the technique to replace 
the 4-0 silk suture with a 6-0 polypropylene suture to 
attach the two arms of the silicone loop together. Polypro- 
pylene is an extremely inert monofilament suture whose 
surface resists the buildup of foreign material.’ Polypro- 
pylene has now been used in an additional 43 patients with 
none reporting a similar complaint. We chose the smaller 
6-0 diameter polypropylene because of concern that a 


Correspondence 1165 


larger suture knot might be more likely to cause abrasion 
and irritation of the nasal mucosa. Thus far this has not 
been a problem. Because of the almost nonexistent biode- 
gradability of polypropylene, the 6-0 suture has retained 
sufficient strength to resist prolapse of the stents. 

The idea of securing the two loops of the stent together 
at the time of dacryocystorhinostomy to prevent prolapse 
remains an excellent one. We would suggest that other 
surgeons may wish to substitute 6-0 polypropylene suture 
for the 4-0 silk suture should their patients also develop 
complaints of a foul odor postoperatively. 

ROBERT C. KERSTEN, MD 
DWIGHT R. KuLwin, MD 
Cincinnati 


1. Jordan DR, Anderson RL: Prevention of prolapsed silicone stents in 
dacrocystorhinostomy surgery. Arch Ophthalmol 1987;105:455. 

2. Stillman RM, Bella FJ, Seligman JJ: The effect of various wound 
closure methods on susceptibility to infection. Arch Surg 1980;115:674-675. 

3. Mouzas GL, Yeadon A: Does the choice of suture material affect the 
incidence of wound infection? Br J Surg 1975;62:952-955. 


In Reply.—We would like to thank Drs Kersten and 
Kulwin for their suggestions. We agree with their asser- 
tion that a silk suture represents more of nidus for 
infection than does a polypropylene suture. Therefore, we 
have also switched to monofilament suture to secure the 
two arms of the silicone stent. However, one of our patients 
had an extrusion after we switched to a monofilament 
suture and we believe that the suture must be tied tightly 
and is probably less secure than the silk suture. In 
addition, the monofilament suture may “cheesewire” 
through the stent if it is tied too tightly in these cases. 

We have had some patients with or without silk sutures 
complain of a malodorous discharge from the nose with a 
silicone stent in place. In many cases we believe that this is 
the result of an allergy to the silicone and it is usually 
relieved by removal of the stent. 

In summary, we agree with Drs Kersten and Kulwin that 
it is preferable to use a polypropylene or other monofila- 
ment suture to secure silicone stents in the nose. 

RICHARD L. ANDERSON, MD 
Davip R. JORDAN, MD 
Salt Lake City 


The Variprism: A Large-Range Variable Prism for 
Measurement of the Angle of Squint 


To the Editor.—Prism bars and variable Herschel prisms 
are most commonly used today to measure the angle of 
squint. Both have drawbacks, however. Prism bars are too 
large to carry around all day and are usually limited to 40 
prism diopters (PD), while variable Herschel prisms have 
even smaller ranges. Hans Meester and I have therefore 
developed, at the Netherlands Ophthalmic Research Insti- 
tute, Amsterdam, a hand-held prism that is continuously 
variable over a large range, horizontally as well as verti- 
cally. We propose to call it the “Variprism.” It consists of a 
small housing containing two glass elements, ie, planocon- 
vex and planoconcave, with equal radii of the convex and 
concave surfaces (Fig 1). The planoconvex front element is 
a half globe, freely rotatable in gimbals. The planoconcave 
lens is situated immediately behind it. The two optical 
elements function as a single prism, the front surface of 
which can be tilted in all directions. The distance between 
the. convex surface of the half globe and the concave 
surface of the planoconcave lens is approximately 0.1 mm. 
The disturbances resulting from this air gap, ie, decreased 
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Fig 1.—Prototype of Variprism. Note glass half globe suspended in 
gimbals. Horizontal setting can be changed by rotating black wheel and 
vertical setting can be changed by rotating white wheel. 
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Fig 2.—Eye movements can be observed from side while performing 
alternate cover test. 


transmission of light and distortion when out-of-round- 
ness is present, are minor. 

The setting of the prism can be varied continuously 
between —45° and +45° (—90 to +90 PD) horizontally and 
between —8° and +8° (—15 and +15 PD) vertically, with 
two wheels operated by the thumb of the hand holding the 
Variprism. The horizontal setting is shown in a slit in the 
grip of the device (Fig 2), while the vertical setting is 
indicated on the wheel, both in degrees and in prism 
diopters. A spirit is added for accurate measurements of 
large angles. 

H. J. Simonsz, MD 
Amsterdam 


The author has no commercial, proprietary, or financial interest in the 
Variprism. The manufacture of the prototype of the Variprism was made 
possibile by the Vision Research Foundation, Amsterdam, a nonprofit 
organization that gives financial support to scientific institutions for the 
development of new devices in ophthalmology. A limited series will be made 
on a nonprofit basis for those interested. 

Requests to Netherlands Ophthalmic Research Institute, PO Box 12141, 
NL1100 AC Amsterdam, Holland. 
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Progressive Anterior Ischemic Optic Neuropathy due 
to Giant Cell Arteritis Despite High-Dose Intravenous 
Corticosternids 


To the Editor—Bilateral loss of vision from anterior 
ischemic optic neuropathy due to untreated giant cell 
arteritis may oeeur simultaneously or the second eye may 
become involved as early as several days later. Indeed, 
Egge et al' neported involvement of the fellow eye at one to 
five days in seven of 14 patients. Although oral corticoste- 
roid therapy (fer example, prednisone, 80 to 100 mg/d) is 
commonly used:after anterior ischemic optic neuropathy in 
one eye in this setting, occasional cases have been reported 
in which severe visual loss occurs in the fellow eye despite 
this mode of therapy.2 Several investigators,’ therefore, 
have promoted the use of high-dose intravenous corticoste- 
roids at theonset of unilateral involvement. The rationale 
for this is twofeld: to best achieve a protective effect on the 
fellow eye im the early vulnerable period and to recover 
vision in the imitially involved eye.* Two patients with 
giant cell arteritis were recently seen who, after initially 
suffering partial visual loss in the second eye while 
receiving ora! corticosteroid therapy, developed total 
blindness despite high-dose intravenous corticosteroid 
therapy. One patient is described in detail. 


Report of « Case.—An 82-year-old woman experienced several 
episodes of amaurosis in each eye, lasting less than five minutes, 
over a two-month period, accompanied by temporal tenderness 
and “swelling of blood vessels” in the scalp. Two months later, 
she awakenee bland in the left eye and was found to have left an- 
terior ischemic optic neuropathy and a normal right eye. A 
diagnesis of giamt cell arteritis was suspected even though the 
erythrocyte sedimentation rate was 40 mm/h. She was given 
60 mg of prednisone daily, which was increased to 80 mg two 
days later. Three days later, she noted visual dysfunction in the 
right eye. 

Neuro-ophthaimic examination two days later revealed visual 
acuities of 20/70 OD and bare light perception in the left eye. 
Perimetry showed a right inferior altitudinal scotoma. Diffuse 
left pale optie disc edema with retinal arteriolar narrowing and 
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pale swelling of the superior aspect of the right disc were evident. 
Distinct cords were palpated in the position of the superficial 
temporal artery bilaterally. She was hospitalized and therapy was 
begun with intravenous methylprednisolone acetate (500 mg/d, 
250 mg twice daily over a 30-minute period). The next day, visual 
acuity had decreased to 20/50 OD and there was constriction of 
the remaining superior visual fields. The entire right optic disc 
showed pale edema. Intravenous methylprednisolone therapy was 
increased to 1 g/d, but visual acuity was 1/200 OD one day later. 
Results of a temporal artery biopsy were compatible with giant 
cell arteritis, while results of brain computed tomography and 
lumbar puncture were unremarkable. Two days later, visual 
acuities were no light perception in each eye. Intravenous therapy 
was continued for four full days, followed by prednisone (100 mg 
orally) with no visual improvement. She remained blind four 
months later. 


Comment.—Although corticosteroids remain the main- 
stay of therapy in giant cell arteritis, the precise dose and 
route of administration must be tailored to each case. It 
seems prudent to employ high-dose intravenous corticoste- 
roids in cases of simultaneous onset of bilateral visual 
dysfunction or unilateral visual loss with contralateral 
symptoms (eg, transient amaurosis in our case) to attempt 
to maximally supress the inflammatory response in the 
shortest time. Once the ischemic process has begun in the 
fellow eye, as in our case, even aggressive therapy may not 
ward off progressive irreversible visual oss. 

MICHAEL L. SLAVIN, MD 
ALAN J. MARGOLIS, MD 
New Hyde Park, NY 
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Resolution of Cytomegalovirus 
Retinitis With Zidovudine Therapy 





To the Editor. — Cytomegalovirus 
(CMV) retinitis is a substantial cause 
of morbidity in patients with acquired 
immunodeficiency syndrome (AIDS). 
Recently, a beneficial effect of treat- 
ment with ganciclovir, an acyclovir 
derivative with activity against CMV 
in vitro, has been reported.' 

Zidovudine (formerly known as azi- 
dothymidine [AZT]) is a dideoxythy- 
midine compound with antiviral ac- 
tivity against human immunodefi- 
ciency virus (HIV). This study docu- 
ments regression of CMV retinitis ina 
patient with AIDS who elected to 
receive zidovudine therapy without 
ganciclovir treatment. 


Report of a Case.—A 26-year-old homo- 
sexual man was diagnosed as having AIDS 
in July 1986, when he developed Pneumo- 
cystis carinii pneumonia. In addition, CMV 
and Mycobacterium avium intracellulare 
were recovered from a bronchoalveolar 
lavage specimen at this time. He recovered 
after three weeks of trimethoprim and 
sulfamethoxazole therapy. On Sept 23, 


Fig 1.—Hemorrhagic retinitis approaching macula was visible on Dec 
2, 1986, and treatment with zidovudine was begun. 





1986, he was examined for a complaint of 
blurred vision in his left eye. Visual acuity 
was 20/20 OD and 20/30 OS. A small area 
of hemorrhagic retinitis seen along the in- 
ferotemporal vascular arcade enlarged 
over the next two weeks. A clinical diagno- 
sis of CMV retinitis was made. After con- 
sideration of therapy with zidovudine or 
ganciclovir, the patient elected to undergo 
treatment with zidovudine in the Bur- 
roughs Wellcome Co (Research Triangle 
Park, NC) protocol at 200 mg every four 
hours, beginning on Nov 3, 1986. However, 
treatment was soon interrupted on Nov 11, 
1986, because of a second episode of P 
carinii pneumonia that was successfully 
treated with trimethoprim and sulfame- 
thoxazole. Ophthalmoscopic examination 
on Dec 2, 1986, revealed marked extension 
of retinitis in the left eye, with a reduction 
in visual acuity to 20/70 OS (Fig 1). Zidovu- 
dine treatment was begun again on that 
date, and the retinitis continued to ad- 
vance in area over the next month, involv- 
ing the disc and reducing the visual acuity 
to 20/200 OS on Jan 6, 1987. However, the 
border of the lesion threatening the macula 
had not advanced, and the adjacent area of 
retinitis appeared to be undergoing involu- 
tion, as evidenced by the decrease in opaci- 
fication of the border of the retinitis. Four 
weeks later, a further involution of the 
retinitis was noted, with the development 
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of pigmented and atrephic chorioretinal 
scarring in the involved area (Fig 2). Visual 
acuity returned to 20/2508. A urine culture 
for CMV in April 1986 while the patient was 
receiving zidovudine was positive at a titer 
of 2.75 X 10* plaque-forming units/mL. 


Comment.—The present observa- 
tions suggest that zidovudine therapy 
alone may prove beneficial in certain 
patients with CMV retinitis. En- 
hancement of cell-mediated immunity 
resulting in suppression of CMV repli- 
cation is one possible hypothesis. 
Alternative hypotheses include direct 
viral interactions between HIV and 
CMV occurring in the retina. Human 
immunodeficiency virus recently has 
been isolated in the retina of certain 
patients with AIDS. Human immu- 
nodeficiency virus has been shown to 
enhance productive CMV infection of 
H9 cells in vitro.’ Suppression of HIV 
replication might reduce HIV-related 
enhancement of CMV expression, and 
thus lead to improvement of CMV 
retinitis. In addition, the possibility 
that HIV may itself produce hemor- 
rhagic retinitis elinically indistin- 
guishable from CMY retinitis war- 
rants consideration. 


Fig 2.—Fundus photograph from March 17, 1987, depicting involution 
of retinitis with zidovudine therapy alone. Pigmented and atrophic 
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chorioretinal changes are visible in involved area, hemorrhages are 
absent, and borders of area of retinitis are no longer opacified. 
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Zidovudine has no known antiviral 
activity in vitro against the laborato- 
ry strain of CMV, AD-169 (oral com- 


munication, 5S. Nusinoff-Lehrman, 
Burroughs Wellcome, November 
1987). Treatment with zidovudine 


does not influence urine CMV recov- 
ery or titers (P.E.S., unpublished data, 
December 1987). The patient de- 
scribed herein displayed a significant 
urinary titer of CMV during zidovu- 
dine therapy, and this would also 
argue against a direct antiviral action 
as the explanation for the improve- 
ment of the retinitis. 

The present case suggests a benefi- 
cial effect of zidovudine therapy on 
CMV retinitis in a patient with AIDS 
and indicates the need for further 
study ef CMV infections in patients 
receiving zidovudine therapy. 

DosaLD J. D’Amico, MD 
PuL R. SKOLNIK, MD 
Barry R. KOSLOFF 
PswLA PINKSTON, MD 
MARTIN S. HIRSCH, MD 
ROBERT T. SCHOOLEY, MD 
Boston 
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Diabetic Superior Division 
Oculomotor Nerve Palsy 


To the Editor.—The oculomotor nerve 
bifureates into two branches in the 
anterior caverneus sinus. The superi- 
or division supplies the levator palpe- 
brae superioris and superior rectus 
muscles. The inferior division inner- 
vates the inferior rectus, medial rec- 
tus, and inferior oblique muscles; it 
also sends parasympathetic fibers to 
the ciliary body and pupillary sphinc- 
ter. Isolated superior division oculo- 
motor nerve palsies are rare and gen- 
erally result from structural lesions. 
We describe a patient with a diabetic 
superior division third-nerve palsy 
that spontaneously resolved after 
eight weeks. 


Report of a Case.—A 68-year-old white 
man presented to the Dwight David Eisen- 
hower Army Medieal Center, Fort Gordon, 
Ga, with vertical diplopia. The patient 
reported the subacute onset of right upper 
lid ptosis, vertical binocular diplopia, and a 
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Fig 1.—Palsy of superior division of right oculomotor nerve. Note paralysis of right superior rectus 


muscle (top) and ptosis of right eyelid (middle). 


Fig 2.—Photographs taken eight weeks after those in Fig 1. Note recovery of right superior rectus 


muscle (top) and abscence of ptosis (middle). 





mild right periorbital headache. Other 
medical problems included insulin-depen- 
dent diabetes mellitus, hypertension, and 
coronary heart disease. 

Ophthalmologic examination revealed a 
visual acuity of 20/20 OU. The pupils were 
equal and normally reactive. Ptosis of the 
right upper eyelid was noted. Ductions 
were remarkable for reduced elevation of 
the right eye, with the deficit greatest in 
the abducted position (Fig 1). Examination 
of the retina revealed scattered bilateral 
hard exudates, venous congestion, and dot- 
blot hemorrhages. 

A general neurological examination 
yielded normal results. Diagnostic studies 
included an erythrocyte sedimentation 
rate of 13 mm/h (Westergren). A computed 
tomographic scan of the head with con- 
trast was normal. 

Eight weeks after initial presentation, 
the patient noted complete resolution of 
the vertical diplopia. Ophthalmologic 
examination at that time revealed full 
ductions, normal ocular alignment, and no 
sign of residual ptosis (Fig 2). The diagno- 
sis of presumed diabetic superior division 
oculomotor nerve palsy was made. 


Comment.—The oculomotor nerve 
anatomically bifurcates in the anteri- 


or cavernous sinus; superior division 
palsies have therefore been believed 
to indicate structural disease of the 
cavernous sinus or superior orbital 
fissure, such as tumor or aneurysm.! 
One isolated superior branch palsy 
was presumed to be “of viral origin.” 
Superior division oculomotor nerve 
palsies have only rarely been attrib- 
uted to diabetic neuropathy.’ 

Guy et al* reviewed five superior 
division oculomotor nerve palsies due 
to structural lesions involving the pre- 
cavernous portion of the peripheral 
third cranial nerve. They concluded 
that functional organization of the 
oculomotor nerve into superior and 
inferior divisions occurs before its 
anatomic division in the anterior cav- 
ernous sinus. They therefore recom- 
mended that evaluation of superior 
division oculomotor nerve palsies 
include consideration of subarachnoid 
as well as cavernous lesions. 

We suggest that the evaluation of 
superior division oculomotor nerve 
palsies should also include consider- 
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ation of vasculopathic neuropathy. 
Since the peripheral oculomotor nerve 
appears to have functional organiza- 
tion in its precavernous portion, it 
follows that ischemic lesions of the 
precavernous nerve could selectively 
affect one branch while “sparing” the 
other. Vasculopathic superior division 
palsies may therefore result from 
involvement of the subarachnoid as 
well as cavernous portion of the oculo- 
motor nerve. After ruling out an 
underlying structural lesion, the clini- 
cian should consider the possibility of 
vasculopathic neuropathy. The evalu- 
ation should include blood pressure 
measurement, a fasting blood glucose 
level determination, and an erythro- 
cyte sedimentation rate determina- 
tion. 

CPT DANIEL K. BREGMAN, MD, 

MC, USA 
Fort Gordon, Ga 


ROBERT HARBOUR, MD 
Augusta, Ga 


The opinions or assertions contained herein 
are the private views of the authors and are not 
to be construed as official or as reflecting the 
views of the Department of the Army or the 
Department of Defense. 
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Bilateral Perifoveal Ischemia 
Associated With Chronic 
Granulocytic Leukemia 


To the Editor.—Chronic leukemia can 
be associated with manifestations 
involving virtually any structure in 
the eye or ocular adnexa.' We report a 
case of perifoveal ischemia associated 
with chronic granulocytic leukemia 
without evidence of peripheral retinal 
nonperfusion. 


Report of a Case.—A 45-year-old woman 
with a medical history of chronic granulo- 
cytic leukemia of ten years’ duration who 
had been under treatment intermittently 
with busulfan (5 mg/d) complained of pro- 
gressive loss of vision in the right eye more 
than the left of one week’s duration. The 
response to chemotherapy was effective 
without substantial complication such as 
pulmonary fibrosis or skin pigmentation. 
The patient was essentially asymptomatic 
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Fig 1.—Fundus photograph of right eye with irregular perifoveal thinning and pigmentary 
changes. Note microaneurysm in superior macula. 


Fig 2.—Late-phase fluorescein angiogram of right eye demonstrating extensive perifoveal 
capillary nonperfusion and late hyperfluorescence from leakage of macular vessels. 


during the course of treatment except for 
her visual symptoms. 

Her ocular examination disclosed a best 
corrected visual acuity of 20/400 OD and 
20/25 OS. Slit-lamp biomicroscopic exami- 
nation showed the anterior segment to be 


Arch Ophthalmol— Vol 106, Sept 1988 





unremarkable. The optic nerve cup/disc 
ratio was normal without signs of papilled- 
ema and the vitreous was clear bilaterally. 
A peculiar pattern of macular thinning 
and slight hyperpigmentation was noted in 
the perifoveal region of the right eye more 
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than the left. There were several micro- 
aneurysms, a few scattered cotton-wool 
spots, and some very minor but discernible 
areas of retinal thickening or edema in the 
more peripheral macular areas of each eye 
(Fig 1). Fluoreseein angiography demon- 
strated extensive perifoveal capillary non- 
perfusion in the right eye with irregular 
enlargement of the foveal avascular zone 
and seme late hyperfluorescence from 
leakage of some macular telangiectatic 
vascular changes (Fig 2). 

Similar but less severe manifestations 
were evident in the left eye. The peripheral 
retina was clinically unremarkable and the 
fluoreseein angiogram disclosed no areas 
of nonperfusion. 


Comment.—T he most frequent clin- 
ical feature of choroidal involvement 
with choroida! leukemia is a shallow 
exudative detachment of the neuro- 
sensory retina im the posterior pole. 
Angiographically, multiple pinpoint 
leaks from the level of the pigment 
epithelium are evident, forming a so- 
called Milky Way pattern that simu- 
lates such diseases as Vogt-Koyanagi- 
Harada syndrome, posterior scleritis, 
osseous choristema, histiocytosis X, 
or sympathetic ophthalmia. In the 
late stage of the angiogram, these 
leaks poo! into the subsensory retinal 
space, delineating multiple sensory 
retina! detachments. With resolution 
of the exudative detachments, fine 
clumping and mettling of the retinal 
pigment epithelium may evolve, form- 
ing a so-called leopard-spot appear- 
ance.? 

The most frequent retinal abnor- 
malities eonsist of retinal venous dila- 
tation and tortuosity, sheathing and 
occlusion of retinal vessels, cotton- 
wool patches, intraretinal hemor- 
rhages, microaneurysms, macular 
edema, peripheral retinal ischemia, 
and peripheral retinal neovasculari- 
zation. There is no record of a bilater- 
al case of ischemic maculopathy in a 
leukemic patient without discernible 
signs of peripheral retinal vascular 
ischemia or a history of radiation 
therapy. Peripheral vascular lesions, 
especially in chronic myelogenous leu- 
kemia, are believed to be secondary to 
hematologic abnormalities such as 
hyperviseosity, anemia, or thrombo- 
cytopenia. Therefore, it is reasonable 
to pestulate that a similar mechanism 
may be responsible for the perifoveal 
capillary nonperfusion evident in this 
patient. The most unusual aspect 
demonstrable in this patient is the 
sparing of the peripheral retina. This 
is particularly unusual since the 
peripheral vasculature appears to be 
more vulnerabie to occlusive disease 
with hyperviscosity because blood 
flow is physiclo@ically slower in that 
area of the fundus. 
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Finally, the prolonged use of busul- 
fan for ten years may also have had a 
contributory toxic effect on the peri- 
foveal capillary nonperfusion. There- 
fore, as in many chorioretinal dis- 
eases, the possibility that the mani- 
festations may be a result of the dis- 
order as well as its treatment must be 
considered. The present report essen- 
tially describes perifoveal retinal is- 
chemia as a newly recognized mani- 
festation of chronic leukemia. It is 
therefore appropriate to consider 
chronic leukemia in the differential 
diagnosis of perifoveal capillary isch- 
emia. 

ANGELO M. MINNELLA, MD 
LAWRENCE A. YANNUZZI, MD 
JASON S. SLAKTER, MD 
ALVARO RODRIQUEZ, MD 
New York 
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Insect Foreign Body in the Cornea 


To the Editor.—Insect parts represent 
an unusual type of corneal foreign 
body. Their history and presentation 
may mimic that of other conditions, 
as this current case demonstrates. 


Report of a Case.—A 64-year-old man 
was picking up tree branches in his yard 
when something “blew” into his right eye. 
He developed redness, tearing, photopho- 
bia, and a foreign-body sensation that 
intensified over a four-day period. His 
visual acuity had dropped to 20/30 OD, and 
a fluffy, yellow-white, mounded lesion with 
mildly filamentary borders and one-half 
stromal thickness in depth was present 
inferotemporally in the cornea (Fig 1). The 
anterior chamber demonstrated only a 
mild inflammatory response. Because a 
fungal keratitis was suspected, the cornea 
was scraped. Two small, brown foreign 
bodies could be identified in the lesion. 
These turned out to be insect fragments 
when examined under the microscope (Fig 
2, top). No bacterial or fungal organisms 
were detected in the culture. Because the 
possibility of a bee sting was raised, bees 
were obtained from a local apiary (Bizz-zz 
Bee Honey Farms, San Antonio, Tex) for 
comparison (Fig 2, bottom). The patient 
received topical antibiotics and healed well 
with only a small stromal sear. His vision 
returned to the preinjury level. 


Comment.—Although the possibili- 
ty of insect fragments becoming 
embedded in the cornea is often al- 
luded to in the literature,’ this has 
generally been based on clinical suspi- 
cions and rarely on histological corre- 





Fig 1.—Corneal infiltrate of inferolateral cor- 
nea. 


Fig 2.—Top, Jointec (arrow) and barbed (ar- 
rowhead) insect leg found in patient’s cornea 
(Gram’s stain, original magnification X170). 
Bottom, Bee sting with paired lancets (arrows) 
and shaft (arrowhead) for comparison (un- 
stained, original magnification X 180). 
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lation. The worst offenders in terms 
of permanent ocular damage are bee 
and wasp stings*’ due to the toxic 
agents contained in their venom; bee 
stings are also likely to be retained in 
the wound because they are barbed. 
As the present case demonstrates, the 
inflammatory response to an insect 
foreign body may mimic an infectious 
keratitis even when sterile. It is there- 
fore imperative to examine carefully 
any patient in whom an insect foreign 
body may be the culprit and to scrape 
adequately to remove and identify any 
insect parts that may be present. 
ANDREW W. LAWTON, MD 
San Antonio, Tex 
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What Doctors tell us they ‘ike 
about I-Scrub ‘for the hygienic 
care of blepharitis 


“Cleared up chronic complaints of burning, irritation, redness, 
and cloudy vision within 10 days.” 


“My patient had a classic case of blepharitis - couldn’t wear make-up and was 
photophobic. But after two weeks with I-Scrub, all symptoms simply disappeared.” 


“Compliance is excellent, the instructions are easy to follow.” 


“Also does an incredible job of removing eye make-up so | 
routinely recommend it to my contact lens wearers.” 


“I keep a supply for use here in the office and then 
send the kit home with the patient.” 


You and/or your pharmacist 
can get ordering information 
and a copy of our newest price 

list direct from Spectra by 


I-Scrub is the new eyelid 
cleanser developed by an eye | 
doctor for the hygienic care of m= — 
acute and chronic blepharitis. | 

Its microbubble sudsing P writing or calling toll free: 
action provides remarkably = d 1-800-225-2578 (National) 
thorough removal of oily debris, crusted matter, 1-800-344-3390 (Massachusetts only). 
and eye make-up. It is also hypo-allergenic, pH Spectra Pharmaceutical Services, Inc., 
adjusted, and recommended for sensitive eyes. 155 Webster Street, Hanover, MA 02339. 
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‘VDTs Put Strain on County Legislature’ 


NEW YORK—On June 14, 1988, the Suffolk County (New York) 
legislature @verrode the county executive’s veto on the first 
national law regulating the use of computer terminals. The law 
applies to werkers who spend more than 26 hours a week in front 
of a video-display terminal (VDT) and states that: 

è Workers must have 15-minute breaks or a new work assign- 
ment after three hours at the VDT. ) 

è Employers must pay 80%.of the cost of annual eye examina- 
tions and any eyeglasses needed for these employees. 

è Equipment purchased after next year must have such fea- 
tures as nonglare screens, adjustable desks, and five-legged 
chairs. 

The law also calls for a five-member VDT review commission to 
study developments in business technology and make recommen- 
dations every we years for changes in the law. Terrence G. 
Pearsall, aide te John J. Foley, sponsor of the bill, explains that 
the commission's purpose is to make sure that businesses do not 
hold en to oid equipment when safe technology becomes avail- 
able. 

Patrick G. Halpin, the county executive whose veto was overrid- 
den, explained that he vetoed the bill because he was not convinced 
by the medica! research presented and that the legislation would 
put Suffolk County at economic disadvantage when competing 
with other counties for industry. 

The research presented was a study by the Kaiser-Permanente 
Medical Care Program in Oakland, Calif. It found that expectant 
mothers who spend 20 or more hours a week at VDTs were twice as 
likely to suffer a miscarriage during the first trimester of 
pregnancy asnon-VDT users. The findings were based on a survey 
of 1600 women who had become pregnant since 1984. The differ- 
ence in birth detects was not statistically significant. Factors also 
considered in causing miscarriages were stress and poor working 
conditions. 

Marilyn KGolthaber, chief author of the study, said that there 
was no biological mechanism postulated to explain how the 
terminal could eause miscarriages. The results “could be entirely 
due” to a tendency by the women who suffered miscarriages to 
overestimate the time they spent at their terminals, she 
explained. Møre likely, the miscarriages would be related to other 
factors, such as seating discomfort or stress. 

Newsweek magazine (June 20, 1988) reported that although the 
findings showed an association between heavy VDT use and 
miscarriages, they did not prove that the losses resulted from 
exposure to the equipment or to the workplace itself. Further 
large-scale epidemiological studies were called for. 

The evidemce for eye strain was more conclusive, and the 
consensus of autheritative scientific groups was that VDTs do not 
ruin the eyes permanently by causing cataracts or other physio- 
logical damage, but they can cause eye irritation, fatigue, and 
headaches in workers who spend long hours staring at their 
screens. 

The primary factor to consider is the distance the VDT operator 
sits from the seeen and, if the operator is wearing eyeglasses, 
that the eyegtass prescription is correct for that working distance. 
The-distance from the operator to the screen is usually longer than 
if the person were reading or generally for any other activity 
where they would use their glasses. A normal pair of glasses may 
increase eye fatigue by causing the operator to assume head or 
body positions that strain neck muscles. Eye strain may be 
avoidable by wearing the proper glasses or changing the work 
environment. 

Before the Suffolk County bill was passed, Mitchell H. Pally, 


Michael D. Springer, Section Editor 


Arch Ophthaimc!—Vol 106, Sept 1988 


director of legislative and economic affairs for the Long Island 
Association, a regional chamber of commerce for Nassau and 
Suffolk counties, warned that “Many of our members will pack up 
and leave Suffolk County if this legislatien is signed. Many 
businesses have told us that they will not expand or move into 
Suffolk if this passes.” It is estimated that 300 to 400 businesses 
will be affected and that employers will be forced to spend 
millions of dollars in additional worker benefits. 

Gerald Fishman, MD, professor of ophthalmology, University of 
Illinois Eye and Ear Infirmary, Chicago, believes that the new law 
is potentially “opening up Pandora’s Box.” “People will begin to 
attribute all their ocular complaints to the use of VDTs and go for 
eye examinations indiscriminately. Common sense would be able 
to solve many of the problems.” 

Dr Fishman explains that factors such as working distance; 
bifocals set too closely or not correctly for the working distance; 
nonoptical factors, such as placement of the computer, chair, etc; 
and lighting can all affect performance. “There is not enough valid 
data to justify enacting a law that is a potentially burdensome and 
unnecessary costly solution. It has suggestive powers and creates 
unnecessary expenses.” 

In a letter to the editor of the New York Times (July, 1988), 
Nathan Edelson, director of the Center for Office Health and 
Productivity, points out that: 

è Medical evidence suggests that adjustable chairs and desks do 
not provide net health benefits to VDT workers but rather, by 
inducing postural fixity, cause or exacerbate musculosketal 
pain. 

è There are no studies that prove that a 15-minute break every 
three hours is sufficient for VDT operator health improvement. 
Research indicates that breaks must be far more frequent to do 
much good. 

è The evidence does not link VDT use per se with increased eye 
strain. Rather, performing any near-vision work for prolonged 
periods is associated with eye discomfort, particularly when that 
work is psychologically stressful. Periodic visual examinations 
and corrective eyewear, while desireable, wil! by no means allevi- 
ate eye strain associated with VDT use. 

e The law applies only to those using VDTs for more than 26 
hours a week. Studies found that frequency of use has little or no 
bearing on incidence of health complaints and that those using the 
machines for shorter periods may suffer more. 

“I believe that the real value of the Suffolk VDT law is that it 
demonstrates a strong public perception that something is wrong 
and must be changed in the way that modern office work is 
performed. But it does not follow that the mew law identifies or 
deals with the actual problems,” Edelson said. 

At least 30 other states are contemplating similar laws. Labor 
leaders are encouraged by the Suffolk County law and view it as a 
rallying point for workers’ rights in the computer age. Jan Pierce, 
vice president of the Communications Workers of America says, 
“We now have some badly needed momentum to pursue the same 
remedy in the rest of New York, the US, and Canada.” Louis 
Slesin, editor of VDT NEWS, an industry newsletter based in New 
York City, says that “There’s no doubt that this bill will greatly 
encourage many labor groups to put this on the top of their 
legislative agenda.” 

The evidence is far from conclusive on the effects of sitting in 
front of a VDT, but with more than 15 million VDTs now in use in 
the United States, and the estimated growth of that figure to 70 
million by 1990, it is certain that the screen is going to be watched 
closely by VDT operators, medical researchers, and businesses. 

JULIE FOREMAN 


In Focus 1173 


News and Comment 


Macula Society Awards Announced.— 
The first Arnall Patz Medal of the 
Macula Society was recently pre- 
sented to Arnall Patz, MD, at the 
Annual Meeting of The Wilmer Resi- 
dents Association. The medal recog- 
nizes Dr Patz’s outstanding contribu- 
tions in the field of retinal vascular 
diseases. 

Earlier, J. Donald M. Gass, MD, 
received the first J. Donald M. Gass 
Medal of the Macula Society at the 
society’s tenth anniversary meeting in 
Cannes, France. This medal honors Dr 
Gass for his outstanding contribu- 
tions in the field of macular dis- 
eases. 

Each medal will be presented from 
time to time by the executive commit- 
tee of the Macula Society when a 
worthy recipient is identified. 


Research to Prevent Blindness Inc 
Names Special Scholars and Stein Pro- 
fessorships.— Research to Prevent 
Blindness (RPB) announced the 
appointment of five RPB-Special 
Research Scholars, who will receive 
awards of $25000 to $60000. Recipi- 
ents include Narsing A. Rao, MD, Uni- 
versity of California, Doheny Eye 
Institute, Los Angeles; Hugh R. Tay- 
lor, MD, The Johns Hopkins Universi- 
ty, The Wilmer Eye Institute, Balti- 
more; Gregory S. Hageman, PhD, St 
Louis University School of Medicine; 
Gary N. Holland, MD, University of 


Obituaries 


BOLMAN, Harold R., 85, Sandusky, 
Ohio; Jefferson Medical College of 
Thomas Jefferson University, Phila- 
delphia, 1928; residency, Somerset 
Medical Center, Somerville, NJ, 1932; 
certified by the American Board of 
Ophthalmology; died Feb 4, 1988. 


BURTON, Frank H., 81, Butte, Mont; 
Northwestern University Medical 
School, Chicago, 1938; died March 24, 
1988. 
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California (Los Angeles) Medical Cen- 
ter; and Thomas A. Ferguson, PhD, 
Washington University School of 
Medicine, St Louis. 

Research to Prevent Blindness also 
announced Jules and Doris Stein-RPB 
Professorship awards of $250 000 each 
to three molecular biologists who 
have been recruited to departments of 
ophthalmology where they will use 
the visual system as the focus of their 
basic discipline. These recipients 
include Colin J. Barnstable, PhD, Yale 
University School of Medicine, New 
Haven, Conn; John R. Hassell, PhD, 
University of Pittsburgh School of 
Medicine; and Alagarsamy Srinivas- 
an, PhD, Washington University 
School of Medicine. 

Announcement of these and other 
awards totaling $935000 was made 
following the June meeting of the 
RPB Board of Trustees in New York. 


Award of Merit in Retina Research 
Presented.—The Award of Merit in 
Retina Research was presented in 
Philadelphia at the Annual Meeting 
of the Retina Society to Harvey A. 
Lincoff, MD, of Cornell University 
College of Medicine, New York. Pre- 
sentation ceremonies were held in 
conjunction with the Charles L. 
Schepens Lecture. Alice McPherson, 
MD, president of the Retina Research 
Foundation, which funds and admin- 


EDWARDS, Lloyd G., 70, St Paul; Uni- 
versity of Minnesota Medical School, 
Minneapolis, 1943; died April 16, 
1988. 


JOHNSTON, Russell M., 74, Sunbury, 
Pa; University of Pennsylvania School 
of Medicine, Philadelphia, 1941; died 
March 22, 1988. 


JONES, William Moses, 89, Chicago; 
Pritzker School of Medicine, Universi- 
ty of Chicago, 1932; resideney, Univer- 
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Harvey A. Lincoff, MD. 


isters the award, presented the 
$50 000 prize to Dr Lincoff. 

The award is given each year to a 
US scientist in recognition of out- 
standing accomplishment in the field 
of retina research. Dr Lincoff is credi- 
ted with the introduction of cryosur- 
gery, intraocular tamponades, and 
explant reattachment procedures that 
are now well-established procedures 
throughout the world. The Award of 
Merit in Retina Research is the latest 
of several honors conferred during his 
career. 


sity of Chicago Medical Center, 1955; 
certified by the American Board of 
Ophthalmology; died May 2, 1988. 


O’SHAUGHNESSY, Roy William, 82, 
Lockport, NY; St Louis University 
School of Medicine, 1931; residency, 
Buffalo General Hospital, 1934; died 
March 2, 1988. 


POWELL, Avery D., 86, Tiffin, Ohio; 
Ohio State University College of Med- 
icine, Columbus, 1932; died Jan 4, 
1988. 


News and Comment/ Obituaries 
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Book Reviews 





Eye. Erain, and Vision, by David H. 
Hubel, 240 pp, New York, Scientific 
Americar Lobrary, distributed by WH 
Freeman & Co, 1988, $32.95. 


Publishers of the Scientific Ameri- 
can Library have given distinguished 
scholars in the fields of mathematics, 
biological and physical sciences, and 
engineering the opportunity to write 
about their field of interest without 
being confined by the style or by the 
format ef traditional textbooks. Eye, 
Brain, end Vision is a book about 
visual! neurophysiology written for 
readers with a general science back- 
ground. While, by necessity, it con- 
tains a modicum of introductory 
materia on basic anatomy and physi- 
ology of vision, the text deals with 
complicated tepics in visual percep- 
tion witnout beeoming oversimplified 
or superficial. Most ophthalmologists 
should fnd chapters on the architec- 
ture ef the primary visual cortex, 
organizetion of receptive fields, func- 
tion of zhe corpus callosum, mecha- 
nisms o color vision, and postnatal 
development ef the visual pathway 
informacive and highly readable. 

Because the book is written for an 
audience with relatively divergent 
backgrounds, it uses a large number 
of colerful idlustrations to help make 
subjects easy to comprehend. Micro- 
scopie drawings of the retina by 
Ramon y Cajal, many clearly designed 
graphs end diagrams, and a variety of 
photegraphs, ranging from autoradio- 
graphs cf the striate cortex to Whea- 
tone’s stereoscope photographs, beau- 
tifully complement the written text. 
Wide margins give each page an 
attractive format. 

The author’s well-balanced perspec- 
tive af his work further enhances the 
appeal o° the book. Temporal relation- 
ships are emphasized so that the 
dynamic nature of neurophysiologic 
research over the last three decades 
can be appreciated. Neither the role of 
serendipity nor the importance of 
humor is overloeked. 

Perhaos mueh of the enthusiasm 
for studying the cerebral integration 
of visual information has been fos- 
tered by discovering how remarkably 
well the system is engineered. Some 
functions of the central visual path- 
way are so ingeniously designed that 
scientists at first found them counter- 
intuitive. 


Arch Ophthaimoił— Vol 106, Sept 1988 


Stephen Kuffler, by 1958, had 
already worked through one of the 
major mysteries dealing with the 
receptive field of the retinal ganglion 
cell, which appeared to respond very 
little to differences in intensity of 


“. .. it describes the journey and 


not just the destination.” 


light. The receptive field is elegantly 
designed to respond maximally to 
interfaces of light and dark by being 
constructed of two mutually antago- 
nistic regions arranged concentrical- 
ly. Using the strategy employed by 
Kuffer for studying receptive fields 
of the retinal ganglion cell, Hubel and 
Torsen Weisel made plans to explore 
the receptive fields of the lateral 
geniculate body and primary visual 
cortex. 

Research in visual neurophysiology 
had now entered a new phase. It 
became possible to study the function- 
al organization of the central visual 
pathway by electrode tract recon- 
struction. During this halycon period 
of research, Hubel and Weisel became 
interested in identifying factors that 
influenced the postnatal development 
of the visual system. Much of their 
work has provided clinicians with the 
scientific framework for concepts 
dealing with visual perception and 
with the pathogenesis of amblyopia. 

David Hubel shared the 1981 Nobel 
Prize in Medicine with Torsen Weisel 
and Roger Sperry for his role in deci- 
phering the circuitry of the central 
visual pathway. Ophthalmologists 
interested in an introductory work on 
the neurophysiology of perception will 
find his book Eye, Brain, and Vision 
an enjoyable alternative to any basic 
textbook because it describes the jour- 
ney and not just the destination. 

CurTIS E. MARGO, MD 
Tampa, Fla 


Cataract Epidemiology, edited by K. 
Sasaki, O. Hockwin, M. C. Leske, 106 
pp, with illus, vol 15 of Developments in 
Ophthalmology, edited by W. Straub, 
Basel, Switzerland, S Karger AG, 1987, 
$58.75. 


Cataract is a major cause of blind- 
ness and disability in developing 
countries and is an increasing burden 
in industrialized settings as life 
expectancy grows and the population 


SP 


pyramid becomes more and more top 
heavy. Although the ophthalmic liter- 
ature is replete with technical articles 
on cataract extraction, and we all 
eagerly await the latest work on fold- 
able implants and other new technolo- 
gy, it is striking how little we know of 
the pathogenesis and risk factors for 
the development of lens opacities. 

Cataract Epidemiology contains 
reports from the International Cata- 
ract Epidemiology Meeting, held in 
Noto, Japan, in 1985 and refiects the 
research and opinions of investigators 
from 14 countries. It brings into sharp 
focus the current directions and prob- 
lems in cataract research. At one lev- 
el, it serves as a marker for the status 
of epidemiologic cataract research in 
1986, and is useful for those with an 
interest in this field. However, the 
volume is potentially valuable at 
another level, perhaps not intended by 
the authors. It highlights, in a disease 
familiar to all ophthalmologists, basic 
issues of performing proper epidemio- 
logic and clinical studies that are 
applicable to a host of different dis- 
eases and situations. 


“ reflects the research and 
opinions of investigators from 14 
countries.” 


The book is divided into three sec- 
tions. The first concerns classification 
schemes and highlights the need for 
reproducible nosolegic schemes to 
develop a common language for epide- 
miologic studies. Discrepancies in cat- 
aract classification exist between 
observers, between slit-lamp and pho- 
to-derived assessments, and by type of 
cataract. These issues are the ground- 
work on which prevalence and pro- 
gression studies are based and may 
serve as a model for concurdance 
studies on other ocular conditions. 

The second section concerns meth- 
odologic issues on eonducting preva- 
lence studies. Illustrative studies 
from Japan, Bulgaria, China, India, 
and Australia are presented. The final 
report in this section, by Grigoleto, De 
Carli, and Gallato, eutlines succinctly 
the problems of comparing the results 
of cataract prevalence studies. The 
influence of disease definition, meth- 
ods of examination, and local factors, 
such as occupation and diet, can all 
conspire to limit the comparability of 
studies. 
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The third section of the book con- 
cerns investigations into cataract risk 
factors. Although the association of 
cataract with diabetes and steroid use 
is well documented, these conditions 
account for only a small percentage of 
cases; to date, the role of environment, 
race, and nutrition are less well 
defined by studies and have been 
hampered by those issues discussed in 
the first two sections. The reports in 
this final section describe techniques 
now in use to study cataract risk 
factors. The combination of new 
technology (eg, ultraviolet-visible 
Scheimpflug slit-lamp densitography) 
with rigorous epidemiologic method- 
ology holds promise for assessing the 
relationships between specific kinds 
of cataract and potential risk factors. 
The appreciation of cataract as a mul- 
tifactorial disease, with risk factors 
that potentially vary by region and 
type of cataract, emerges from this 
section. Current and future programs 
aimed at prevention and intervention 
will rely heavily on this kind of basic 
information. 

In summary, this collection of 
reports is recommended both for 
those involved in cataract research 
and for those interested in applying 
epidemiologic techniques to ocular 
disease in general. 

OLIVER SCHEIN, MD 
Boston 


Eye Injuries: An Illustrated Guide, 
by Elizabeth M. Eagling and Michael J. 
Roper-Hall, 183 pp, with illus, London, 
Gower Medical Publishing, distributed by 
JB Lippincott Co, Philadelphia, 1986, 
$69.50. 


Eye Injuries: An Illustrated Guide 
offers a unique overview of the evalu- 
ation and management of patients 
suffering ocular trauma. It is in- 
tended for residents and fellows in 
ophthalmology. Moreover, it would 
also be of value to practicing ophthal- 
mologists who encounter acutely 
injured patients only infrequently, 
medical students during their clinical 
ophthalmology experience, and emer- 
gency care physicians. Certainly, phy- 
sicians at any level will appreciate its 
broad scope and clear presentation. 

Eye Injuries: An Illustrated Guide 
distinguishes itself from other trau- 
ma books in its novel design. Borrow- 
ing the popular format of other Gower 
projects, the text closely parallels and 
details numerous color clinical photo- 
graphs. The photographs are superb— 
approximately five per page, clear, 


1176 


and beautifully illustrative of the 
wide range of ocular trauma. The 
accompanying text acts as a guide to 
the workup and management of such 
patients. 

The text comprises ten chapters. 
The first discusses basic examination 
techniques as well as the eare of com- 
monly encountered emergency room 
eye injuries. As such, it would be of 
particular value to the emergency 
care physician. The subsequent chap- 
ters detail the approach te both blunt 
and penetrating injuries to the anteri- 
or and posterior segments, ocular 
adnexae, and orbit. Especially well 
done are the discussions of thermal 
burns and intraocular foreign bodies. 
The final three chapters deal with 
medical and surgical management of 
the many complications of ocular 
trauma. In these sections, as through- 
out the book, state-of-the-art micro- 
surgical techniques are described in 
reasonable detail and are well docu- 
mented photographically. 


“... physicians at any level will 
appreciate its broad scope and 
clear presentation.” 

GT a Sea Dee <A a E 

Most of the medical and surgical 
interventions discussed by these expe- 
rienced British surgeons are, in gener- 
al, similar to those routinely used in 
the United States. The reeommended 
treatment of chemical burns differs 
somewhat from the main function of 
this work as an overview and guide to 
ocular trauma. 

Eye Injuries: An Illustrated Guide 
is especially useful as a teaching tool 
by virtue of its unparalleled collection 
of illustrations. Fortunately, the clini- 
cal photographs are available for pur- 
chase as a separate slide set and 
would be an invaluable addition to 
anyone’s teaching collection. 

While the field of ocular traumato- 
logy is still in its youth, it is a bur- 
geoning ophthalmic subspecialty 
slowly acquiring a literature of its 
own. To this, Eye Injuries: An Illus- 
trated Guide is a valuable addition. It 
is well written and illustrated and will 
provide the novice as well as the expe- 
rienced practitioner with a readable 
overview of the field. 

PETER S. HERSH, MD 
Boston 


Clinical Ophthalmology: A Text and 
Colour Atlas, ed 2, by James L. Kenner- 
ley Bankes, 130 pp, New York, Churchill 
Livingstone Inc, 1987, $27.50. 
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Clinical Ophthalmology: A Text and 
Colour Atlas is an introductory text 
primarily intended for the nonoph- 
thalmologist physician, medical stu- 
dent, and others looking for a short 
yet well-rounded overview of the spe- 
cialty. While boasting numerous 
superb color photographs, however, 
this book is more than just an at- 
las. The ophthalmologic examination, 
symptom-related diagnosis, and com- 
mon pathologic conditions affecting 
the eye are addressed in a succinctly 
written fashion. 

The book comprises 15 chapters. 
The first discusses the techniques and 
instrumentation used for the eye 
examination. Special attention is giv- 
en to direct ophthalmoscopy. After 
brief chapters devoted to refractive 
errors, color vision defects, and aging 
changes in the eye, a well-illustrated 
review of eyelid conditions is pre- 
sented. In this latter section, as 
throughout the book, the photographs 
are reproduced in am appealing and 
clearly illustrative manner. The sub- 
sequent chapters dea! with the causes 
of epiphora and the red eye, briefly 
discussing both common and uncom- 
mon conditions. These chapters, as 
many of the others, contain useful 
sections discussing the pertinent 
anatomy and physiolegy. 


“...a short yet well-rounded 
overview of the specialty.” 


A review of eye injuries addresses 
their evaluation, treatment, and 
sequelae. Finally, the last six chapters 
detail specific pathologic conditions 
affecting the eye. These include an 
excellent discussion of strabismus, 
reviewing examination techniques, 
differential diagnosis, and treatment. 
Cataracts are then discussed in a fair- 
ly detailed and superbly illustrated 
format. The basics of glaucoma and 
orbital and neurophthalmic disease 
are followed by a survey of retinal 
disease that covers a wide range of 
material. 

In summary, Clinical Ophthalmolo- 
gy: A Text and Colour Atlas is an 
introductory text and atlas that would 
be especially useful to those readers 
who want a succinct overview of oph- 
thalmology. The well-written text will] 
reward the nonspecialist with an 
excellent introduction to the field 
while the clinical photographs will 
intrigue even the experienced oph- 
thalmologist. 

PETER S. HERSH, MD 
Boston 
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CCI started us mg Viseeat because it produced 
clearer corneas than any other viscoelastic, 
especially during phacoemulsification.?? 

James P Gills, MD 
St. Lukes Eye Clinic 
Tarpan Springs, Florida 


CC On the first postoperative day, corneas 
are clearer with Viscoat than with any other 
viscoelastic I've used.?? 


J. Rex Parent, MD 
Diplamate American Board 


of Ophthalmology 
Fort Wayne, Indiana 
CC Nearly all of my cataract extractions are 
b performed by phacoemulsification. I find 
that clearer corneas and better vision are 
obtained on the first postoperative day 
when using Viscoat. To me, this indicates 
better endothetial protection.?9 


E. Ronald Salvitti, MD 

Clinical Asst. Prof. of Ophthalmology 
Univ Pittsburgh School of Medicine 
Fye and Ear Hospital, Pittsburgh, PA 


CC We have lo naen aware of the protec- 
tive effects of Visceat on the cornea during 
phacoemulsification. This makes it espe- 
cially valuable with low cell counts or 

.4 guttata.We have also noted clearer corneas 
with Viscoat on the first postoperative 
day. Viscoat can be used routinely during 
phacoemulsification and always for eyes 
with corneal probiems. 

John Weisel, MD, FACS 
Rogue Valley Medical Center 
Medford, Oregon 


Time after time, surgeons using 
Viscoat®* viscoelastic solution during 
cataract extraction and IOL implan- 
tation have reported clearer corneas 
during and after the procedure. This 
means that patients protected by 
Viscoat's long-lasting coating may 
have experienced fewer incidents 
of the trauma that cause edema, 
clouding, and the possibility of signifi- 
cant endothelial cell loss in the long- 
term postoperatively. 


In addition, Viscoat® contains chon- 
droitin sulfate. And in the corneal 
storage medium K-Sol” “chondroitin 
sulfate has been shown to extend 
endothelial cell life preservation 
significantly. t 





Viscoat — 





Unretouched photo taken one day 
after surgery using Viscoat® during 
phacoemulsification and IOL 
implantation. 


The authors of the quotes have 
not received any financial consideration 
or other remuneration for the use of 
these quotes, nor do they have any finan- 
cial or proprietary interests in Viscoat® 


+Stein RM, Laibson PR: Comparison 
of chondroitin sulfate to McCarey- 
Kaufman medium for corneal storage. 
Am J Ophthalmol 1987;104:490-493. 


K-Sol® Viscoat® and CILCO® are 
registered trademarks of Cilco, Inc 


© Copyright, CooperVision, Inc., 1988 
7507 A *US. Patent Pending 


Please see mext page for summary 
of Viscoat® product information. 
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(chondroitin sulfate-sodium hyaluronate) 


Cell protection you can count on. 
Goper Vision” 


CILCO 
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(sodium chondroitin sulfate-sodium hyaluronate) 
Summary of Product Information 


INDICATIONS: VISCOAT®is indicated for use as 
a surgical aid in anterior segment procedures 
including cataract extraction and intraocular lens 
implantation. VISCOAT® maintains a deep cham- 
ber during anterior segment surgeries, enhances 
visualization during the surgical procedure, and 
protects the corneal endothelium and other ocular 
tissues. The viscoelasticity of the solution maintains 
the normal position of the vitreous face, thus pre- 
venting formation of a postoperative flat chamber 


CONTRAINDICATIONS: At the present time 
there are no known contraindications to the use of 
VISCOAT® when used as recommended. 


PRECAUTIONS: Precautions are limited to those 
normally associated with the surgical procedure 
being performed. Although sodium hyaluronate 
and sodium chondroitin sulfate are highly purified 
biological polymers, the physician should be aware 
of the potential allergic risks inherent in the use of 
any biological material. 


ADVERSE REACTIONS: VISCOAT® has been 
extremely well tolerated in human and animal 
studies. A transient rise in intraocular pressure may 
be expected due to the presence of sodium hyalur- 
onate, which has been shown to effect such a rise 
(9.8% > 25 mmHg during 1-3 days after surgery in 
human clinical trials). 


HOW SUPPLIED: VISCOAT? is a sterile, non- 
pyrogenic, 0.25 ml or 0.50 ml, viscoelastic prepar- 
ation supplied in a disposable syringe (encased in 
a plastic sheath with a threaded luer tip). A sterile 
27-gauge, disposable blunt-tip cannula is provided 
separately. 


FOR INTRAOCULAR USE. 

Both VISCOAT® and cannula are for single use 
only. 

Store Between 2°-8°C (36°-46°F). Do Not Freeze. 


CAUTION: Federal law restricts this device to sale 
by, or on the order of, a licensed physician. 


CooperVision, Inc., CooperVision CILCO® 
Bellevue, Washington 98008-5496 


Revised April 1987 


Oooer Vision 
Cops 


CooperVision CILCO® CooperVision, Inc., 





3190 160th Avenue, S.E., Bellevue, WA 98008-5496, 


1-206-644-2400, Toll free 1-800-654-6243, 
In Washington State: 1-800-562-3299, 
Telex: 152-630 
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Neuro-Ophthalmic, Orbital, Oculo- 
plastic Surgery, and Trauma Fel- 
lowship available. Flexible, innova- 
tive two-year program for the 
appropriate individual. Starts July 
1, 1989. Contact: 











Thomas C. Spoor, M.D. 
Director, Neuro-Ophthalmic, 
Orbital, Oculoplastic Service 
Kresge Eye Institute 
Wayne State University 
School of Medicine 
3994 John R 
Detroit, Michigan 48201 
(313) 745-8600 













OPHTHALMOLOGIST 


The Kaiser Permanente Medical 
Group, Inc., Sacramento, CA seeks 
a general ophthalmologist. Subspe- 
cialty training in oculoplastic sur- 
gery preferred. Present staff 
includes 11 ophthalmologists to 
serve 375,000 Health Plan Mem- 
bers. 











Send Curriculum Vitae to: 
James E. Hine, MD 
The Permanente Medical 
Group, Inc. 

2025 Morse Avenue 
Sacramento, CA 95825 
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ENCOURAGE COMPLIANCE. BETAGAN® WITH CCAP? 


° Tracxs next dose to be taken. 


e Minimizes confusion for patients on multidose therapy or multiple medications. 


Betagan*(evebunolol HCl) 0.5% 


Liquifiim® sterile ophthalmic solution with 


C CAP” 


Compliance Cap Q. P 


Betagan*(ievebunolol HCl) 0.5% 


Liquifiim® sterile ophthalmic solution with 


C CAP” 


Compliance Cap B.L D. 


INDICATIONS AND USAGE: BETAGAN Liquifilm sterile ophthalmic solution has 
been shown tobe e~active in lowering intraocular pressure and may be used 
in patients with chronic open-angle glaucoma or ocular hypertension. 
CONTRAINDICATIONS: BETAGAN is contraindicated in those individuals with 
bronchial asthma or with a history of bronchial asthma, or severe chronic 
obstructivepulmonary disease (see WARNINGS); sinus bradycardia; second 
and third degree atrioventricular block; overt cardiac failure (see WARNINGS); 
cardiogenic shock>er hypersensitivity to any component of this product. 
WARNINGE: As with other topically applied ophthalmic drugs, BETAGAN may 
be absorbed systemically. The same adverse reactions found with systemic 
adminstraion of beta-adrenergic blocking agents may occur with topical 
administration. For example, severe respiratory reactions and cardiac reac- 
tions, including death due to bronchospasm in patients with asthma, and 
rarely death in association with cardiac failure, have been reported with topical 
applicctior of beta-edrenergic blocking agents (see CONTRAINDICATIONS). 
Cardiac Fcilure: Sympathetic stimulation may be essential for support of 
the circulation in individuals with diminished myocardial contractility, and 
its inhiditicn by beta-adrenergic receptor blockade may precipitate more 
severe failure. /n Patients Without a History of Cardiac Failure: Continued 
depressior of the myocardium with beta-blocking agents over a period of 
time-can, ia some cases, lead to cardiac failure. At the first sign or symptom 
of cardiac failure, BETAGAN should be discontinued. Non-allergic Broncho- 
spasm. In satientsawith non-allergic bronchospasm or with a history of non- 
allergic bronchospasm (eg., chronic bronchitis, emphysema), BETAGAN 
should be administered with caution since it may block bronchodilation 
produced by endogsnous and exogenous catecholamine stimulation of beta, 
receptors. Major Surgery: The necessity or desirability of withdrawal of beta- 
adrenergic blocking agents prior to major surgery is controversial. Beta- 
adrenergic receptor blockade impairs the ability of the heart to respond to 
beta-adrerergicaliyenediated reflex stimuli. This may augment the risk of 
general aresthesia in surgical procedures. Some patients receiving beta- 
adrenergicreceptor blocking agents have been subject to protracted severe 
hypotensicn during anesthesia. For these reasons, in patients undergoing 
elective surgery, gradual withdrawal of beta-adrenergic receptor blocking 
agents:may be apprapriate. If necessary during surgery, the effects of beta- 
adrenergic blocking agents may be reversed by sufficient doses of such 
agonists as isoproterenol, dopamine, dobutamine or levarterenol (see OVER- 
DOSAGE). Diabetes.Mellitus: Beta-adrenergic blocking agents should be 
administersd with caution in patients subject to spontaneous hypoglycemia 
or to diabeñc patients (especially those with labile diabetes) who are receiving 
insulin or oval hypoglycemic agents. Beta-adrenergic receptor blocking agents 
may maskthesignsand symptoms of acute hypoglycemia. Thyrofoxicosis: 
Beta-adremergic biecking agents may mask certain clinical signs (eg., 
tachyeard®) of hyperthyroidism. Patients suspected of developing thyro- 
toxicosis saould be managed carefully to avoid abrupt withdrawal of beta- 
adrenergic blocking agents which might precipitate a thyroid storm. Con- 
tains sedi-m metabisulfite, a sulfite that may cause allergic-type reactions 
including enaphylactic symptoms and life-threatening or less severe asth- 
matic episodes in certain susceptible people. The overall prevalence of sul- 
fite sensitivity in the general population is unknown and probably low. Sulfite 
sensitivity 6 sesn more frequently in asthmatic than in nonasthmatic people. 
PRECAUTIONS: General: BETAGAN® (levobunolol HCI) 0.5% Liquifilm® sterile 
ophthalmic solution should be used with caution in patients with known hyper- 
sensitivity 0 other csta-adrenoceptor blocking agents. Use with caution in 
patients wth known diminished pulmonary function. In patients with angle- 
closure glaucoma. the immediate objective of treatment is to reopen the 
angle. Thie requiresseconstricting the pupil with a miotic. BETAGAN has litte 
or no effec’ on the pupil. When BETAGAN is used to reduce elevated intraocular 
pressure im angle-clesure glaucoma, it should be used with a miotic and 
not alone. éuscle Weakness: Beta-adrenergic blockade has been reported 


to potentiate muscle weakness consistent with certain myasthenic symptoms 
(ag., diplopia, ptosis and generalized weakness). Drug interactions: BETAGAN 
should be used with caution in patients who are receiving a beta-adrenergic 
blocking agent orally, because of the potential for additive effects on sys- 
temic beta-blockade. Although BETAGAN used alone has little or no effect 
on pupil size, mydriasis resulting from concomitant therapy with BETAGAN 
and epinephrine may occur. Close observation of the patient is recommended 
when a beta-blocker is administered to patients receiving catecholamine- 
depleting drugs such as reserpine, because of possibie additive effects and 
the production of hypotension and/or marked bradycardia, which may 
produce vertigo, syncope, or postural hypotension. Animal Studies: No adverse 
ocular effects were observed in rabbits administered BETAGAN topically in 
studies lasting one year in concentrations up to 10 times the human dose 
concentration. Carcinogenesis, mutagenesis, impairment of fertility: \n a life- 
time oral study in mice, there were statistically significant (p < 0.05) increases 
in the incidence of benign leiomyomas in female mice at 200 mg/kg/day 
(14,000 times the recommended human dose for glaucoma), but not at 12 
or 50 mg/ kg/day (850 and 3,500 times the human dose). In a two-year 
oral study of levobunolol HCI in rats, there was a statistically significant 
(p < 0.05) increase in the incidence of benign hepatomas in male rats 
administered 12,800 times the recommended human dose for glaucoma. 
Similar differences were not observed in rats administered oral doses equiva- 
lent to 350 times to 2,000 times the recommended human dose for 
glaucoma. Levobunolol did not show evidence of mutagenic activity in a 
battery of microbiological and mammalian in vitre and in vivo assays. 
Reproduction and fertility studies in rats showed no adverse effect on male 
or female fertility at doses up to 1,800 times the recommended human dose 
for glaucoma. Pregnancy Category C: Fetotoxicity (as evidenced by a greater 
number of resorption sites) has been observed in rabbits when doses of 
levobunolol HCI equivalent to 200 and 700 times the recommended dose 
for the treatment of glaucoma were given. No fetotoxic effects have been 
observed in similar studies with rats at up to 1,800 times the human dose 
for glaucoma. Teratogenic studies with levobunolol in rats at doses up to 
25 mg/kg/day (1,800 times the recommended human dose for glaucoma) 
showed no evidence of fetal malformations. There were no adverse effects 
on postnatal development of offspring. It appears when results from studies 
using rats and studies with other beta-adrenergic blockers are examined, 
that the rabbit may be a particularly sensitive species. There are no adequate 
and well-controlled studies in pregnant women. BETAGAN should be used 
during pregnancy only if the potential benefit justifies the potential risk to 
the fetus. Nursing Mothers: \t is not known whether this drug is excreted in 
human milk. Systemic beta-blockers and topical timaiol maleate are known 
to be excreted in human milk. Caution should be exescised when BETAGAN 
is administered to a nursing woman. Pediatric Use: Safety and effectiveness 
in children have not been established. ADVERSE REACTIONS: In clinical trials 
the use of BETAGAN has been associated with transient ocular burning and 
stinging in about one in four patients, and with blephareconjunctivitis in about 
one in 20 patients. Decreases in heart rate and blood pressure have been 
reported occasionally (see CONTRAINDICATIONS and WARNINGS). The fol- 
lowing adverse effects have been reported rarely with the use of BETAGAN: 
lridocyclitis, headache, transient ataxia, dizziness, lethargy, urticaria and pru- 
ritus. Decreased corneal sensitivity has been notedin a small number of 
patients. Although levobunolol has minimal membrane-stabilizing activity, 
there remains a possibility of decreased corneal sensitivity after prolonged 
use. The following additional adverse reactions have been reported with 
ophthalmic use of beta, and beta, (non-selective) adrenergic receptor block- 
ing agents: BODY AS A WHOLE: Headache. CARDIOVASCULAR; Arrhythmia, 
syncope, heart block, cerebral vascular accident, cerebral ischemia, con- 
gestive heart failure, palpitation. DIGESTIVE: Nausea. PSYCHIATRIC: Depres- 
sion. SKIN: Hypersensitivity, including localized and generalized rash. 
RESPIRATORY: Bronchospasm (predominantly in patients with pre-existing 
bronchospastic disease), respiratory failure. ENDOCRINE: Masked symptoms 
of hypoglycemia in insulin-dependent diabetics (see@eWARNINGS). SPECIAL 
SENSES: Signs and symptoms of keratitis, blepharoptosis, visual disturbances 
including refractive changes (due to withdrawal of miotic therapy in some 
cases), diplopia, ptosis. Other reactions associated with the oral use of non- 
selective adrenergic receptor blocking agents should be considered poten- 
tial effects with ophthalmic use of these agents. 
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Editorial 





Acanthamoeba Keratitis 


Ho strange it is to look back on the past four 
years and realize the remarkable changes that 
have occurred in our approach to contact lens wear 
and care, primarily as a result of a new entity, 
Acanthamoeba keratitis. We made the first associa- 
tion between contact lens wear and Acanthamoeba 
keratitis in 1984, which until then was thought to be 
very rare and due to trauma with a contaminated 
foreign body.’ At that time the accepted theory for 
contact lens wearers who developed Acanthamoeba 
keratitis was that patients had been exposed to 
contaminated water from a hot tub, swimming pool, 
or lake while wearing contact lenses.” We posed the 
following questions: Could it be that the contact 
lenses were already contaminated with Acanthamoe- 
ba when they were put on the eye? Could it also be 
that certain centact lens solutions were more prone 





See also pp 1196 and 1202. 





to centamination than others? These two questions 
now seem fairly straightforward and self-evident, 
but at the time we asked them we were practically 
working in the dark, since no one had looked into this 
possibility before. We noted that our patients made 
their own salime solutions from distilled water and 
salt tablets. Is the distilled water jug already con- 
taminated or does it become contaminated after the 
patient opens the jug and begins to use the distilled 
water over an extended period of time? We were, in 
fact, able to find Acanthamoeba in opened jugs and 
contact lens solutions, in contact lens cases, and in 
contact lenses, but not in unopened bottles of dis- 
tilled water However, we did find bacteria and 
fungi in those bottles. 

When we first reported this association and 
warned against the use of nonsterile homemade 
solutions as a possible risk factor, we were told that 
we might be exposing ourselves to possible lawsuits 
from companies who made salt tablets. At that time 
there were so few cases being reported that the 
association with homemade saline solutions was 
considered unimportant. Several years passed and 
we continued to report at annual meetings about our 
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results with Acanthamoeba keratitis. To our sur- 
prise, we also found patients who had used tap water 
rinse, intravenous saline solution, well water, and 
“purified” water from a home purification unit who 
had developed Acanthamoeba keratitis. It then 
became evident that the infection can be associated 
with not only daily-wear soft contact lenses but also 
extended-wear soft lenses, hard lenses, gas-perme- 
able hard lenses, and combined hard-soft lenses.** 
We concluded that any break in the contact lens care 
regimen that exposed the lens to a nonsterile envi- 
ronment contaminated with Acanthamoeba had the 
potential risk of contaminating the lens and possibly 
causing clinical infection. 

To our surprise, the number of cases rose dramat- 
ically from 1985 to 1987. This was probably due to 
increased awareness on the part of the eye-care 
practitioner, better laboratory tests to detect the 
infection, and increasing numbers of contact lens 
wearers who were handling contact lenses carelessly. 
Specific tests developed to enhance our ability to 
diagnose Acanthamoeba keratitis included the calco- 
fluor white staining method and the indirect immu- 
nofluorescent staining used at the Centers for Dis- 
ease Control, Atlanta. 

This devastating corneal infection, which was once 
considered a curiosity, had quickly become the bane 
of corneal specialists across the country. Laboratory 
tests showed that current commercially available 
antibiotics were unable to kill the organism in vitro 
in concentrations tolerated by the ocular surface. 
Our only hope was a drug called propamidine ise- 
thionate (Brolene), available in the United Kingdom 
as an over-the-counter eye drop. This drug had a 
promising in vitro track record and was originally 
advocated by Peter Wright, MD, at Moorfield’s Eye 
Hospital, London. We began using propamidine and 
neomycin-polymyxin-gramicidin in 1984 and re- 
ported a series of six medical cures at the 1987 
meeting of the Association for Research in Vision 
and Ophthalmology. Our protocol for treating 
patients with Acanthamoeba keratitis involves using 
both drugs alternately every 30 minutes around the 
clock for the first three days, and then every hour 
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during the day and every two hours at night for the 
remainder of the first week.’ We reduce the applica- 
tions to every hour during the day with nothing at 
night the second week, and every two hours during 
the day the third week. The fourth week, the drops 
are given four times per day, and the patient is left 
on a regimen for three or four applications per day 
for one year or as tolerated. Administration of the 
drops is then stopped and the patient is observed for 
recurrence of the infection for three months. Recur- 
rences are believed to be due to encysted organisms 
that have survived medical therapy and that excyst 
under optimum conditions. It is this encystment and 
excystment that is presumed to be responsible for 
recurrences in corneal transplants; therefore, we 
think it is important to ensure that there is no 
evidence of recurrence before performing a corneal 
transplant. 

Our medical therapy approach is based on the 
rationale that we want to saturate the cornea with as 
much drug as possible as early as possible, because 
we are aware that the organism replicates quite 
rapidly in vitro and we want to prevent this from 
happening in the cornea. We compare it to a Pseudo- 
monas ulcer, in which we frequently hospitalize the 
patient and give “around-the-clock” treatment with 
antibiotic eye drops. The only drawback to vigorous 
treatment is toxicity from the drops, and since 
toxicity leaves no permanent ocular disability and an 
“out of control” Acanthamoeba infection can, we 
rationalize the use of intensive therapy as early as 
possible.: To my knowledge, there are no animal 
model studies that have measured the levels of 
propamidine or neomycin in the corneal stroma with 
this frequency, however. There is evidence from in 
vitro studies that propamidine is both amebicidal 
and cysticidal and that neomycin and polymyxin are 
inhibitory.*” 

An alternate drug that shows in vitro amebicidal 
and cysticidal activity is clotrimazole, originally 
advocated by Govinda S. Visvesvara, PhD, at the 
Centers for Disease Control (oral communication, 
1987). Unfortunately, it is not available in an 
eye drop form. The powder is available from Scher- 
ing Corp, Kenilworth, NJ, but is not sterile and must 
be cultured before being placed in an artificial tear 
drop to formulate a 1% suspension. Since the powder 
is insoluble in water, it forms an emulsion and must 
be shaken before each instillation. Patients tend to 
tolerate this treatment better than miconazole eye 
drops, and there have been some cases of Acantha- 
moeba keratitis responding to clotrimazole when the 
condition had progressed on regimens of propami- 
dine and neomycin-polymyxin B-gramicidin (Wil- 
liam T. Driebe, MD, Randy J. Epstein, MD, oral 
communication, 1987). 

What about steroids? Some have advocated their 
use, stating that they can modulate the transforma- 
tion from cyst to trophozoite. However, these in vitro 
results were not supported in later animal studies 
(Michael Osato, PhD, oral communication, 1987). 
Others have argued that patients treated with ste- 
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roids and no specific antiamebic drugs have done 
well following penetrating keratoplasty. It is cer- 
tainly not clear whether steroids are beneficial or 
harmful. However, it is desirable to keep all host 
defenses intact to help eradicate a potentially “med- 
ication-resistant” organism from the cornea. We 
know that steroids inhibit macrophages and neutro- 
phils and we also know that these cells are present 
histologically in Acanthamoeba infections.” It would 
seem, by using steroids, that we are “tying one hand 
behind our backs” in an effort to eradicate the 
organism.” 

When should a corneal transplant be performed? 
This is not at all clear and individual investigators 
have different criteria based on their own personal 
experiences. It is clear, however, that if medical 
treatment can be administered for one year, the 
chances of obtaining and maintaining a clear graft 
increase. If a transplant must be done in the face of 
an active, progressive, unresponsive infection, the 
risk of a graft failure or a recvrrence in the graft is 
approximately 50%." Unfortun tely, a recurrence of 
Acanthamoeba infection in a gr.\ft is a very difficult 
management problem. Early rep>rted cases in which 
this occurred resulted in uncontrolled glaucoma, 
cataracts, wound leak, wound dehiscence, persistent 
epithelial defects, and stromal melting and phthisis. 
The ophthalmologist also must be prepared to man- 
age an inflamed and somewhat compromised eye 
that has undergone surgery. Thus, potential prob- 
lems are multiplied after the surgery instead of 
before surgery if the patient has an ongoing infec- 
tion. Cryotherapy applied to the host cornea at the 
time of transplantation has been proposed as a way 
to prevent recurrences after penetrating keratoplas- 
ty. However, studies done on the effect of freezing 
Acanthamoeba have shown that the cysts are resis- 
tent to freezing and it is the cysts that we are trying 
to eradicate by freezing.” Freezing also causes tissue 
damage, inflammation, neovascularization, and ret- 
rocorneal membrane formation, and may prevent a 
successful surgical rehabilitation at some point in 
the future. 

How does one deal with the severe ocular pain that 
some of these patients endure? It is truly sobering to 
observe and manage a patient who is suffering 
extreme pain from Acanthamoeba keratitis. It is 
certainly not like any other pain associated with eye 
infections. It is the kind of pain that causes the 
patient to stay in a dark room with the shades 
drawn, not venturing out for anything but the bare 
necessities. Indeed, some patients become addicted to 
narcotics, lose their jobs, and suffer through disrup- 
tions of their families, especially if the patient is the 
breadwinner and is no longer able to work. In our 
early attempts to relieve this pain we administered a 
retrobulbar alcohol block that consisted of 0.333 mL 
of absolute alcohol and 0.666 mL of 2% lidocaine 
hydrochloride without epinephrine. This block lasted 
four to six weeks, and in some cases resulted in a 
temporary third nerve palsy. It did not seem to have 
an adverse effect on the corneal epithelium or corne- 
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al sensation after the block wore off. It is a very 
painful block to give and the patient is sedated with 
intravenous-drugs before its administration. Recent- 
ly, investigators have reported that 200 mg of sulin- 
dacgiven orally four times per day is just as effective 
at reducing the pain as are narcotics. The cause of 
the pain is unclear. We thought perhaps that it 
might be due to the corneal nerve involvement that 
occasionally eccurs as a pathognomonic sign of Acan- 
thamoeba keratitis; however, not all patients have 
neural involvement. 

What about the future? If we could appropriately 
educate patients and expect 100% compliance, we 
could probably eliminate most, if not all, contact 
lens-associated Acanthamoeba keratitis. This is 
unrealistic. However, if we could eliminate all 
sources of contamination of the contact lens system, 
then perhaps we could eliminate 80% of cases of 
contact lens—associated Acanthamoeba keratitis. 
Perhaps we could eliminate the remaining 20% of 
cases by usimg only systems that we know are 


effective in killing the organism, such as heat and a 
four-hour hydrogen peroxide soak. There is probably 
no truly effective way to prevent Acanthamoeba 
keratitis that is not associated with contact lens use. 
However, these cases are apparently much rarer, and 
with the knowledge that we have gained from con- 
tact lens-associated Acanthamoeba keratitis, we will 
be in a better position to deal with them. It is 
important to inform manufacturers of the need to 
develop new preservatives that will not only kill 
bacteria and fungi but also Acanthamoeba cysts. 
Perhaps new drugs will be developed in the future 
that will be very specific in their ability to inhibit or 
kill Acanthamoeba. This organism is ever present in 
our environment, and it is ironic that a lowly ame- 
ba, in the past four years, has single-handedly 
changed our approach to contact lens-associated 
keratitis and our recommendations regarding con- 
tact lens disinfection. 

MaRy BETH MOORE, MD 

Dallas 
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Special Articles 


Animals in Research and Testing 


Who Pays the Price for Medical Progress? 


heated public debate on the use of animals in 

biomedical research is being waged by propo- 
nents and opponents of animal research. The prima- 
ry issue is the answer to a single fundamental 
question: Are Americans willing to allow the use of 
animals in biomedical research that aims to ease the 
suffering and prolong and improve the quality of the 
lives of millions of humans and animals? This article 
explores the threat to biomedical research posed by 
laws that restrict the use of animals in research and 
discusses federal legislation, American Medical 
Association (AMA) initiatives, and areas of contro- 
versy. The issue of animal use for toxicity tests such 
as the Draize test and the lethal dose for 50% 
survival of group (LD,,) test is also addressed. 

Few scientists wish to utilize animals in research 
studies. However, they recognize that the needed 
results cannot at present, nor in the foreseeable 
future, be obtained by other means. Virtually all 
research animals are treated humanely and their use 
is limited as much as possible. Although computer 
simulations and tissue cultures yield valuable infor- 
mation, these procedures usually precede and com- 
plement findings obtained from animal research. 
They cannot replace them.!” 

In general, individuals active in the animal cause 
movement can be divided into two broad groups: (1) 
those concerned with animal welfare who are not 
opposed to biomedical research with animals but 
want assurances that the animals are treated as 
humanely as possible, that the number of animals 
used is the minimum required, and that the animals 
are used only when necessary; and (2) those con- 
cerned with animal rights who totally oppose any 
biomedical research with animals?’ (this point was 
also discussed by K. McCabe in The Washingtonian 
[1986;21:112-156]). Animal rights activists insist that 
animals have “moral rights” and some of them 
believe that protection of these rights justifies vio- 
lence and terrorism. Both groups support the pas- 
sage of laws at the national, state, and local levels to 
regulate the use of animals in research. The ultimate 
impact of animal welfare and animal rights groups 
may be identical—a slowing of medical progress 
caused by overly restrictive legislation and increased 
research costs. 


FEDERAL REGULATION OF 
BIOMEDICAL RESEARCH 


The Animal Welfare Act (AWA) has been 
amended three times since its passage in 1966. In 
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additien, adherence to Public Health Service (PHS) 
policizs and regulations provides assurance that 
laboratory animals are used appropriately and 
treated humanely.’* These regulations require the 
following: a minimum standard of housing for ani- 
mals; appropriate veterinary care; training of those 
caring for the animals; proper use of anesthetics, 
analgesics, and sedatives; and humane methods of 
euthamasia. In addition, the AWA and PHS policies 
require research facilities to establish an animal 
care oversight committee that regularly inspects 
animal housing areas and reviews all proposed 
research for compliance. This committee includes a 
member of the public not affiliated with the research 
laboratory. Each institution must submit regular 
reporzs to the US Department of Agriculture 
(USDA) and the PHS. Unannounced inspections can 
be made at any research facility by representatives 
of these federal agencies. 

Parts 1 and 2 of the proposed regulations for 
enforeement of the 1985 amendment to the AWA 
were recently published and distributed by the 
USDA.’ This proposal contains several provisions 
that would create serious problems for the biomedi- 
cal community. It is not unique for the federal 
government to request that compliance be monitored 
at the institutional level, and the role of institutional 
review boards in protecting human subjects is well 
documented. Indeed, institutional animal care com- 
mitte2s presently serve in an oversight capacity. 
Under the recently proposed guidelines, however, the 
duties of the animal care oversight committees 
woul expand considerably to include periodic 
inspeetions not just of animal housing areas but of 
each animal research laboratory in the institution 
for ccmpliance with the AWA. This task would be 
impossible to implement with present personnel and 
resources. 

Equally troublesome is the USDA proposal to 
extend regulation into the actual conduct of an 
exper ment despite the stated desire of Congress not 
to inzerfere with research. (Existing regulations 
apply only to animal care before and after, but not 
during, an experiment.) Another concern is that the 
proposed rules are inflexible and do not account for 
differences in the size of research institutions, kinds 
of research performed, and types of animals used. 


AMA INITIATIVES 


The AMA strongly supports existing PHS stan- 
dards that require humane treatment of research 
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animals. Like others who support biomedical 
research, the AMA recognizes the need to maintain a 
balance between assurance of humane treatment and 
legislation that does not severely restrict biomedical 
research. The AMA believes that current actions at 
the national, state, and local levels by opponents of 
animal research have upset this balance and place at 
risk medical progress and the health and well-being 
of humans and animals. 

To preserve the benefits of biomedical research for 
humans and animals, the AMA advocates the devel- 
opment of an erganized and assertive action program 
by the medica! and scientific communities to main- 
tain the accessibility to animals for research. Hence, 
the AMA has undertaken several initiatives: 

1. An animal research network composed of medi- 
cal and other scientific specialty organizations and 
state and county medical societies (the AMA Feder- 
ation) is being developed. This action complements 
the active support by the AMA of the National 
Association for Biomedical Research (NABR) and 
the Foundation for Biomedical Research. When 
issues involving research animals arise in specific 
localities, the AMA plans to use this network to 
foster rapid eommunication with NABR and local 
practicing physicians to develop an appropriate 
action plan. The AMA recognizes that local coali- 
tions composed of representatives for medical 
schools, medical societies, and medical specialty 
groups, and other institutions and organizations 
must actively participate in efforts to combat 
threats to the use of research animals within each 
state and community. The AMA, NABR, and other 
national organizations can assist these groups but 
can have little influence and cannot take a leadership 
role at the local level. As part of this endeavor, the 
AMA has distributed to communication directors 
and executive directors of organizations in the AMA 
Federation a packet containing general information 
on the anima! issue for practicing physicians, a 
sample letter to be sent to newspapers, and a speech 
for lay audiences. 

2 A historieal account of the defense of animal 
research by physicians and organized medicine has 
been accepted for publication.’ This paper demon- 
strates that defense of the use of animals for biomed- 
ical research is a traditional role of physicians and 
the AMA. A commentary on animal research that 
appeals to American physicians and scientists to 
become more active in the effort to preserve biomed- 
ical research was published in The Journal of the 
American Medical Association.' 

3. The AMA. in collaboration with the Foundation 
for Biomedical Research, is promoting the growth of 
a new organization, the Incurably Ill for Animal 
Research. This patient group has been instrumental 
in winning public support for the continued release 
of pound animals to research institutions in Arizona, 
California, and Florida.*” 

4. An AMA White Paper on Animals in Biomedi- 
cal Research has been prepared for distribution to 
practicing physicians and the public to clarify the 
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pertinent issues in the current debate over the use of 
animals for research. 

5. The AMA Health Policy Agenda for the Ameri- 
can People includes a thorough study of the animal 
research controversy as well as a series of policy 
proposals addressing public education, animal 
review committees, the choice of research models, 
and the role of the scientific community.” 


AREAS OF CONTROVERSY 


The present controversy surrounding the use of 
animals in research includes the follewing issues: the 
use of pound animals in research; the level of regula- 
tory review of proposed research projects involving 
animals; the value of basic research using animals; 
and the confusion of the public concerning the differ- 
ence between the use of animals for basic research 
and their use for toxicologic screening. 


Pound Animals 


Animal welfare and rights groups are attempting 
to prohibit the use of pound animals in biomedical 
research? (as also noted by McCabe [The Washingto- 
nian 1986;21:112-156], Budiansky |US News and 
World Report, Aug 31, 1987, pp 48-49], and Lays 
[State Legislatures 1987;13:18-21]). This issue is high- 
ly emotional. Each year, millions of unwanted dogs 
and cats are put to death in pounds and private 
shelters; less than 3% of the total number of pound 
animals are used for biomedical research. 

Few lost or stolen pets are used for animal 
research; most animals are brought to pounds and 
animal shelters by their former owners or are aban- 
doned strays. Almost every animal not used for 
research will be killed at the pound, and since 
another animal provided by commercial animal 
breeders will take its place in the laboratory, two 
animals will die instead of one. The cost of obtaining 
a pound animal is small. The extra cost for commer- 
cially bred dogs is $300 to $500 per animal, so that 
about $90 million dollars more per year will be 
required in research funds if pound animals are 
unavailable. The sum will probably come from exist- 
ing funds for biomedical research, resulting in the 
curtailment or cancellation of many important re- 
search projects. 


Review of Research Studies 


Animal rights activists and others want to partic- 
ipate in the regulatory review of proposed research 
studies that use animals and have lobbied for two 
matters: (1) formation by state, county, and munici- 
pal governmental bodies of oversight committees 
that will have regulatory authority over proposed 
research; and (2) access to institutional animal care 
oversight committees that review proposed research 
studies for compliance with federal regulations. 

The first approach results from the belief by some 
activists that the current federal regulations and 
policies established for institutional animal care 
oversight committees are inadequate to protect 
research animals from mistreatment and inappro- 
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priate use. A strong attempt is being made in 
Cambridge, Mass, to form a municipal regulatory 
oversight committee" (this was also discussed by L. 
Wright [New England Monthly, August 1987, pp 
37-95]); similar initiatives are occurring elsewhere. 

The second approach concerns the demand by 
those opposed to the use of research animals that 
they be allowed to serve as members of institutional 
animal care committees and that committee meet- 
ings be open to the public. Having a lay member who 
represents the public view on this committee is 
already mandated by law and allows scientists to 
demonstrate that research animals are not used 
indiscriminately or inappropriately. Significant 
problems can arise when the lay member is an 
animal rights activist. In instances where this has 
occurred, the lay member has publicly challenged 
and rebuked the committee’s decisions and practices 
and has attempted to disrupt the committee. Current 
efforts to force such committees to open their meet- 
ings to the public places the biomedical community 
in a difficult position and is potentially even more 
disruptive. On the other hand, refusal to allow open 
meetings is attacked by opponents of animal 
research as ample proof that science has something 
to hide. 


Basic Research Studies 


Criticisms of the value of basic research occur 
because animal activists do not understand or 
acknowledge that most breakthroughs in diagnosis, 
prevention, and treatment of disease cannot occur 
without basic research using animals. They also do 
not understand that it is impossible to predict which 
basic research study will ultimately produce an 
important medical advance. To ban the use of ani- 
mals for basic research would seriously compromise 
the foundation on which medical progress is 
based.” 

Often, basic research will produce a finding that 
has no relevance to the original purpose of the 
experiment but will contribute to another line of 
inquiry or even lead to a new discovery. This factor, 
known as “serendipity,” has been an important 
element in many medical advances. An example of 
the value of basic research and serendipity was a 
study by Stanley Cohen designed to find out why 
newborn mice do not open their eyes for three days 
after birth. In answering this question, the epider- 
mal growth factor was discovered and a new line of 
investigation that offers great promise for future 
advances in wound healing, cancer research, and 
many other areas of study was opened up. Another 
example is provided by basic research in primates 
that demonstrated that the lack of visual stimulation 
from both eyes of infants inhibits the normal matu- 
ration and development of the brain areas that 
coordinate and process vision. From these studies, it 
is clear that children with congenital cataracts and 
“lazy eye” must be treated early, before permanently 
incomplete development results in those areas of the 
brain. 


1186 Arch Ophthalmol—Vol 106, Sept 1988 


Difference Between Biomedical 
Research and Toxicity Testing 


The use of animals has been a requisite for every 
major development of ophthalmic research. The - 
uncovering of pathophysiological mechanisms in the 
disease process and the development of new surgical 
or medical therapy require the use of animals. 
Studies on the pathogenesis of ocular diseases such 
as cystoid macular edema, optic disc edema, diabetic 
retinopathy, hypertensive retinopathy, glaucoma, 
cataracts, and macular neovascularization have been 
essential to our understanding of some of the most 
prevalent of modern ocular diseases. The use of 
animals has been critical to the success of such 
research and to the substantial progress achieved in 
the treatment of clinical ocular diseases. Examples 
of studies using research animals to improve therapy 
include the following: (1) assessment of intraocular 
inflammation and wound healing after eye surgery; 
(2) development of improved vitrectomy and other 
advanced techniques; (3) evaluation of experimental 
models of human eye disease; (4) development of 
drugs to treat eye disorders; and (5) therapy for 
infectious keratitis and endophthalmitis. 

Because of the vagaries of tissue and organ system 
response, it is unlikely that alternatives can be 
developed in the near future to replace the use of 
animals for these and other research applications. 
Moreover, stepping directly from in vitro studies to 
efficacy and toxicity assessments in human subjects 
would, by necessity, entail a much greater risk to the 
general public. 

Toxicity tests protect the public from potentially 
harmful drugs and commercial products. With 
respect to ocular toxicity testing, many scientists 
and others who understand the appropriateness of 
the use of animals for biomedical research support a 
ban on eye irritancy testing (Draize test) in live 
animals” (also noted in State Legislatures 1987;13: 
18-21). In particular, use of the Draize test to develop 
cosmetics has been severely criticized, and legislative 
efforts are intensifying to ban its use for this pur- 
pose. However, this toxicity test is also used to 
evaluate the safety of drugs intended for application 
at or near the eye and to assess toxicity resulting 
from accidental exposure of the eye to pharmaceuti- 
cals, household consumer products, and other chemi- 
cals. It would be most unfortunate if its judicious 
utilization in such instances to protect the public 
from potentially toxic substances would also be 
banned.!2!8 

Several institutions are actively investigating 
alternatives to the Draize test. Various nonanimal 
prescreening systems have been developed that have 
identified many highly irritating and corrosive com- 
pounds, and thus eliminated the necessity for using 
such harmful compounds in the Draize test; they also 
permitted determination of appropriate volumes or 
concentrations of some compounds that could be 
applied without serious acute damage to the rabbit 
eye. A recently published monograph entitled “A 
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Critical Evaluation of Alternatives to Acute Ocular 
Irritation Testing” describes the status of research 
into in vitro alternatives to eye irritancy testing.“ 
The authors conclude that no single test or battery of 
. tests available, or likely to be available in the near 
future, can eompletely replace the need for eye 
irritancr testing in animals. Useful alternatives to 
the Draize test exist for some but not most sub- 
stances. Among the difficulties in developing alter- 
natives +o the Draize test are the need for a different 
group of tests for each compound to be evaluated. 
This requirement greatly complicates the develop- 
ment of practical alternatives to live animal eye 
irritancy tests. Another problem is the great diffi- 
culty in validating the usefulness of any new in vitro 
test. The development of appropriate validation 
methods is critical to the success of alternative 
testing methods. 

Another toxicity test often improperly included as 
an example of the use of animals in research is the 
LD; tesz, which has long been used to determine the 
lethality of new drugs in animals. Considerable 
pressure has been exerted to greatly decrease the use 
of the LD, test,%"*"° and it is likely that this test will 
be limited in the future to specific applications, such 
as stanijardization of antivenoms and venoms of 
natural origin.” In addition, the number of animals 
considered necessary to establish and LD,» value will 
probably decrease significantly. 

In each of these areas and in others as well, 
activists are attempting to win legislative support 
for new laws regulating animal research and testing 
at the lecal, state, and national levels. 


VIEWS OF SCIENCE 
AND THE PUBLIC 


The potentia! damage to biomedical research from 
unwise legislation could be reduced significantly if 
more physicians and scientists were visibly defend- 
ing the use of animals in biomedical research*’** 


(this has also been noted in The Washingtonian 
[1986;21:112-156] and US News and World Report 
[Aug 31, 1987, pp 48-49]). As an example of the 
effectiveness of an aroused scientific and medical 


community, several thousand written comments 


were received by the USDA on the proposed guide- 
lines for enforcement of the 1985 amendments to the 
AWA. The magnitude of this response was probably 
responsible for their decision to extend the deadline 
for comments and alter their proposed guidelines 
substantially. Whether this leve! of alertness and 
ability to act can be sustained at the community as 
well as national level is a question yet unanswered. 

Most Americans support the use of animals in 
biomedical research because they recognize the 
essential relationship between biomedical research 
and medical progress. Understandably, however, 
they want assurances that research animals are 
treated humanely and compassionately. If these 
assurances are provided only by passage of strict 
regulations and standards that severely hinder bio- 
medical research and precipitously increase the 
costs, the result may be as effective as an outright 
ban on animal research. This result would undoubt- 
edly slow the progress of biomedical research and 
clinical medicine and is inconsistent with the wishes 
of most Americans. Therefore, overly restrictive reg- 
ulations and standards must be apposed. The public 
cannot have it both ways. Medical pregress can occur 
only at a price, and part of that price is the use of 
animals in biomedical research. 


STEVEN J. SMITH, PHD 

JEROD M. LOEB, PHD 

R. MARK EYANS, PHD 
WILLIAM R. HENDEE, PHD 
American Medical Association 
535 N Dearborn St 

Chicago, IL 60610 
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A Survey of Intraocular Gas Use 


in North America 


pr avitreal gas injection is a commonly used tech- 
nique in the management of retinal detachments. 
Previous studies have demonstrated the safety and 
efficacy of intraoperative and postoperative injec- 
tion of air and inert, long-acting intravitreal gases.'* 
The purpose of this study was to gauge the extent 
and current indications for use of air, sulfur hexa- 
fluoride (SF,), and perfluoropropane (C,F,) by prac- 
ticing vitreoretinal surgeons in North America. 


SUBJECTS AND METHODS 


Questionnaires were mailed to 211 members of and 
qualified applicants to the Vitreous Society and to 
154 active members of the Retina Society in the 
United States and Canada. Individuals with dual 
memberships were identified to prevent duplicate 
sampling. A second mailing was performed one 
month after the first mailing. Responses were anon- 
ymous unless the individual voluntarily signed his or 
her name. Data entry and calculations were per- 
formed in the Department of Biostatistics and Epi- 
demiology, the Cleveland Clinic Foundation. 


RESULTS 


A total of 308 questionnaires were returned (81%). 
Two hundred seventy-seven (93%) of 298 respon- 
dents indicated that they performed vitrectomies. 
The percentage of surgeons using the respective 
gases were as follows: air, 96.6%; SF,, 74.5%; and 
CF, 76.9%. Eighty-five percent use either SF; or 
C,F;. The no-response rate for these items was less 
than 5.8%. Several respondents indicated they used 
perfluoroethane (C,F,). Fifteen forms were returned 
with incomplete data. 

The percentages of surgeons choosing the three 
gases for various indications are listed in the Table. 
In addition to the selections listed in the question- 
naire, other indications for long-acting gases were 
given—giant tears, macular holes with detachment, 
and combined traction-rhegmatogenous detach- 
ments. Two hundred forty-nine (85.9%) of 290 
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respondents indicated that they used one of the three 
gases for pneumatic retinopexy. 

Both air and SF, were used an average of 4.6 times 
per month (SD = 4.0), ranging from zero to 20 times. 
Perfluoropropane was used an average of 4.1 times 
per month (SD = 5.7), ranging from zero to 50 times. 
The mean number of long-acting gas injections per 
month for the group responding was 5.6 (SD = 6.3), 
which is approximately 20000 injections annually 
among the 308 surgeons. 

To assess the status of SF, and C.F, in clinical 
practice, the following question was posed: “When 
clinically indicated, do you consider the use of long- 
acting intraocular gases an acceptable standard of 
care?” Two hundred eighty-one (99.3% ) of those who 
answered the question said yes. Twenty-five (8.1%) 
of 308 surgeons gave no response. 


COMMENT 


Intravitreal gases have been employed in the 
treatment of retinal detachments for many years. 
While the benefits of air, SF, and C.F, have been 
well documented,'* the extent of their use and cur- 


Indications for Intravitreal Gas Injection 


Responses, %* 
—_——____ quonms”_ aaaeeeaa“ 
Indications Air SFe C3Fg 
Retinal fishmouthing 
during scleral 
buckling 81.8 44.5 25.3 
To restore intraocular 
volume during 
scleral buckling 78.9 14.3 5.8 
Pneumatic retinopexy 
(without scleral 












buckling) 12.7 53.2 65.6 


Posterior tears 39.3 62.3 61.4 


To facilitate laser . 
treatment after 
vitrectomy 39.3 35.7 32.8 


Proliferative 
vitreoretinopathy 








* SFe indicates sulfur hexafluoride; CaFg, perfluoropropane. 
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rent ind cations for the use of these gases by practie- 
ing vitreoretinal surgeons have not been previously 
reportec. 

This study demonstrates that all three gases are 
used exsensively by the majority of surgeons sur- 
veyed. Nearly 97% of surgeons use air and 85% use 
either SF, or C,F,;. Air was most commonly used to 
treat retina! fishmouthing and hypotony during 
scleral buckling. The most common indications for 
using beth SF; and C.F, were posterior retinal tears, 
proliferative vitreoretinopathy, and pneumatic reti- 
nopexy. Perfimoropropane was the most commonly 
chosen gas for treating proliferative vitreoretinopa- 
thy, pneumatic retinopexy, and giant tears. The 
three gases were used with nearly equal frequency to 
clear the vitreous cavity to facilitate laser therapy 
after vitrectomy. 

The data in this survey reveal both widespread and 
frequent use of intravitreal gases. The mean monthly 
use of ar was approximately five times, and for one 
of the long-acting gases it was nearly six times. 
Therefore, the average surgeon uses about 130 intra- 
vitreal injections a year. The widespread application 
of intravitreal SF, and C.F; reflects the fact that over 
99% of the respondents indicated that they consider 
the use of these gases an acceptable standard of 
care. 

The 255 members of the Vitreous and Retina 
societies polled in this survey, while not inclusive of 
all excellent surgeons, were chosen on the basis of 
their ecntributions to the study of vitreoretinal 


diseases and surgery. Moreover, they represent both 
academic and private practice. Therefore, we believe 
that this study accurately reflects the trends and ac- 
cepted methods of retinal specialists in general. 

Since responses to this survey were anonymous, we 
cannot exclude the possibility of duplicate responses 
that may have skewed the data. However, the cover 
letter asked that the second questionnaire be re- 
turned only if the first questionnaire had not. The 
large number of returned questionnaires (81% ) and 
the low no-response rate for individual questions 
(<8.1% ) support the validity of the data. 

Not all retinal detachments require vitreous sur- 
gery or intravitreal gas injection for successful 
treatment.® The data, however, clearly indicate that 
long-acting intravitreal gases have become an 
important part of the surgical armamentarium and 
are an acceptable standard of care by virtue of their 
widespread and frequent use. 


THOMAS W. GARDNER, MD 
Franklin, Pa 

JOHN L. Norris, MD 

San Francisco 

Z. NICHOLAS ZAKOV, MD 


GEORGE W. WILLIAMS, PHD 
Cleveland 


The opinions expressed herein are those of the authors and do 
not represent an official position of the Vitreous Society or the 
Retina Society. 
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Clinical Sciences 





Treatment of Chronic Macular Edema 


With Acetazolamide 


S. Nigel Cox, FRCS; Elizabeth Hay, MD; Alan C. Bird, MD 


@ In a prospective study, 41 patients 
with documented chronic macular edema 
of various causes were entered into a 
therapeutic trial of acetazolamide sodi- 
um, a carbonic anhydrase inhibitor. Each 
patient received a five-cycle cross-over 
regimen of treatment/no treatment with a 
further two cycles of cross-over with 
another diuretic, cyclopenthiazide, which 
does not inhibit carbonic anhydrase. At 
each cross-over patients were examined 
for evidence of macular edema. Sixteen 
of 41 patients showed a reproducible 
response to acetazolamide with partial or 
complete resolution of edema and 
improvement of visual acuity. The thera- 
peutic effect occurred in more than half of 
the patients with inherited outer retinal 
disease or uveitis, but in none with prima- 
ry retinal vascular disorders. There was 
no correlation between the response to 
treatment and the extent or duration of 
the edema. No influence of cyclopenthia- 
zide on macular edema was detected. 

(Arch Ophthalmol 1988;106:1190- 
1195) 


here is constant outward move- 

ment of fluid from the retina 
toward the choroid. This is due, at 
least in part, to active transport of 
ions by the retinal pigment epitheli- 
um from its apical to basal surface 
with a consequent movement of 
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water.'? It is believed that this is 
responsible for the relative deturges- 
cence and ionic constancy of the outer 
retinal extracellular space. As in the 
ciliary body** and cornea,‘ it has been 
considered that pigment epithelial 
carbonic anhydrase enzyme systems 
may be important in the regulation of 
ion transport. The presence of carbon- 
ic anhydrase in human, mammalian, 
and vertebrate retinae has been well 
established, and carbonic anhydrase 
is localized in particular to the apical 
and basal membranes of retinal pig- 
ment epithelium cells, Miiller’s cells, 
cone inner segments, and capillary 
endothelial cells.’ 

The relevance of carbonic anhy- 
drase to fluid movement has been 
demonstrated experimentally. Aceta- 
zolamide, a carbonic anhydrase inhib- 
itor, causes an increase in the rate of 
fluorescein disappearance from the 
vitreous.” In a series of experiments 
on induced nonrhegmatogenous reti- 
nal detachments in rabbit eyes it has 
been shown that acetazolamide in- 
creases the rate of subretinal fluid 
reabsorption." It has also been shown 
that acetazolamide increases adhe- 
sion between the retina and pigment 
epithelium.” That there is an effect on 
ion transport at the level of the pig- 
ment epithelium is implied by the 
changes of chloride flux”? and of pig- 
ment epithelial resting potential fol- 
lowing acetazolamide administra- 
tión es 

Cystoid macular edema is a com- 
mon clinical problem that may stem 
from a variety of causes and that 
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results in reduced central vision. We 
thought the experimental evidence 
demonstrating the dehydrating effect 
of carbonic anhydrase inhibitors suf- 
ficiently strong to justify a prospec- 
tive therapeutic trial. This was 
designed first to determine whether 
or not there was a therapeutic effect 
at normal dosages of acetazolamide in 
cases of macular edema, and second, 
to identify which etiologic groups this 
may benefit. 
PATIENTS AND METHODS 

Patients with one of the following seven 
conditions associated with the develop- 
ment of macular edema were identified: 
branch retinal vein occlusion, central reti- 
nal vein occlusion, unilateral and bilateral 
macular telangiectasia, aphakic macular 
edema (Irvine-Gass syndrome), retinitis 
pigmentosa, and chronic intermediate uve- 
itis. 

When possible at least five consecutive 
patients in each diagnostic group were 
entered into the study. An additional two 
patients were added. One patient had an 
autosomal dominant macular dystrophy 
consisting of macular edema; three older 
relatives had well-defined outer retinal 
atrophy centrally without edema. The 
remaining patient had macular edema of 
an unknown cause. In all, 41 patients were 
recruited. 

For entry into the study, patients were 
required to have a reduction of Snellen 
visual acuity to 6/12 or worse because of 
macular edema, the duration of which had 
been documented (range, two months to 15 
years). Patients were excluded if they had 
other eye disease that may have been 
responsible for the loss of visual acuity or 
allergies to sulfa drugs or fluorescein. 

Before commencement of treatment, 
best corrected Snellen acuity was mea- 
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sured; biomicroscopy, stereoscopic retinal 
color phetography, and fluorescein fundus 
angiography were undertaken; and in- 
formed consent was obtained. At each fur- 
ther visit, tae tests were repeated. All 


s^ study examimations took place in the after- 


noon. Visual acuity was measured in the 
same room b7 a werker who was unaware 
of the stage cf the therapeutic cycle or the 
cause of the macular disease. The hyper- 
fluorescence ən angiography was quanti- 
fied by an observer who did not know the 
identity ef the patient or the stage of the 
therapeutic eycle Patients were graded 
into three greups (scores of 0 to 2) accord- 
ing to the flmoreseence, as follows: 0, no 
hyperfiucrescence: 1, just-discernible hy- 
perfluarescen:e at the fovea; and 2, hyper- 
fluorescence greater than 1. 

Treatment with acetazolamide sodium 
was then commenced at a dosage of 500 
mg/c of a slew-release preparation for 14 
days. A posicive response was judged to 
have occurrel if the visual acuity had 
improved by ene line of resolution or more 
and there was reduction of edema as 
judged by bimmicroscopy and fluorescein 
angiegraphy. In the absence of demonstra- 
ble improvementwef acuity or angiographic 
edema at thaf time, therapy was continued 
for a further 14 days. After that, if a 
positive respense had not been recorded, 
the patient was classified as a “nonrespon- 
der.” 

In those patients with a positive 
response, treatment was discontinued and 
the patient was reviewed 14 days later. If 
edema recurred, the treatment/nontreat- 
ment cycie was then repeated twice more 
in eaeh patient to establish a definite 
drug-response relationship. 

To help elucidate the mechanism of 
action in patients who responded to aceta- 
zolamide, cycbpenthiazide, a diuretic with 
no effect en carbomic anhydrase, was given 
for 14 days (9.5 mg/d) at the end of the 
three treatment/nontreatment cycles, fol- 
lowed by a futher 14-day course of aceta- 
zolamide. We elected not to use a placebo 
for several ressors. The systemic effects of 
acetazolamide weuld allow the patient to 
distinguish between the therapeutic 
agents, we were seeking objective as well 
as subjective changes, and a comparison 
was made between two diuretics with dif- 
ferent metabciic attributes. 

At the end of the trial the dosage of 
acetazolamide was reduced progressively 
to determine the minimum maintenance 
dose necessary’ to achieve the therapeutic 
effect: reductimn was achieved by halving 
the daily dosage or doubling the dosing 
interval progressively each week. Because 
of marked siee effects in three patients 
(patients 9, 1-, amd 16), another carbonic 
anhydrase imhibitor, dichlorphenamide 
(150 mg/d), was substituted for acetazol- 
amide. 

RESULTS 

Three patents failed to complete 
the three cycles of therapy: one 84- 
year-old patient found the frequent 
journey to -he hospital too difficult 
(patient 6), ene patient had intolera- 
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Diagnostic Category 
Branch retinal vein obstruction 
Central retinal ven obstruction 
Macular telangiectasia — unilateral 
Macular telangiectasia—bilateral 
Retinitis pigmentesa 
Aphakia 
Chronic uveitis 
Idiopathic 
Dominant macular dystrophy 
Total 


Edema 
Patient Duration, 
No./Age, y Diagnosis * y 
1/49 ADRP 15 


2/46 


3/33 


4/61 


5/57} 


6/84ł 
7/47 


= 
on 


8/68§ 

9/65ł 
10/79 
11/57§ 


12/33 Uveitis 






16/28 


Table 1.—Fatients Whose Macular Edema Responded to Acetazolamide Therapy 
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Table 2.—Clinical Data on Patients Who Responded to Treatment 
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* ADRP indicates autosomal dominant retinitis pigmentosa; UMT, unilateral macular telangiectasis; BMT, 
bilateral macular telanaiectasis; ACME, aphakic macular edema; ICME, idiopathic macular edema; and ADMD, 


autosomal dominant macular dystrophy. 


tFluorescence was graded as follows: O, no fluorescence; 1, fluorescence at the fovea only; and 2, 


fluorescence greater than 1. 
These patients hac unilateral edema. 


§Medial opacities prevented examination of one eye. 


ble gastrointest:nal side effects (pa- 
tient 10), and ome patient moved to 
another part of the country (patient 
12). Almost all patients noticed minor 
but easily tolerated side effects, with 
paresthesia, nausea, altered taste, and 
mild depression being the most com- 
mon. 

Sixteen patients showed a clear 
response to treatment (Tables 1 and 2, 
Fig 1) manifested as a resolution or 
decrease of edema accompanied by 
subjective and objective improvement 
in vision (Figs 2 and 3). In some 
patients the change in fluorescence 


was insufficient te change the grading 
category. All patients who responded 
to treatment did so within 14 days. 
Every patient who responded on the 
first occasion had recurrent or 
increased edema and reduction of 
visual acuity within 14 days of with- 
drawal of treatment and responded 
during subsequent therapeutic cycles 
of 14 days with and 14 days without 
treatment. Although the changes in 
visual acuity were qualitatively simi- 
lar in all those patients responding to 
treatment during each therapeutic 
cycle, some variation in the degree of 
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Macular 
Hyperfiuorescence 


Visual Acuity 


Therapeutic Phase 


Time, Weeks 





Fig 1.—Diagram of therapeutic regimen, visual acuity, and macular hyperfluorescence in patient 
14. Hyperfluorescence was scored as follows: O, none; 1, hyperfluorescence restricted to fovea; 
and 2, hyperfluorescence greater than 1. X indicates 500 mg/d of acetazolamide sodium; plus 
sign, 0.5 mg/d of cyclopenthiazide; and 0, 50 mg of dichlorphenamide three times a day. 


response was recorded. There was no 
consistent trend for the response to be 
greater or less with each therapeutic 
cycle. The subjective change occurred 
after three to 12 days, and recurrence 
had similar temporal characteristics. 
There was a tendency for those 
patients who responded rapidly to 
experience recurrence rapidly. No 
therapeutic effect was detected as a 
result of treatment with cyclopenthia- 
zide. 

The likelihood and completeness of 
response did not correspond well with 
the duration or extent of edema. 
Patient 16 had very extensive mor- 
phologic changes with well-estab- 
lished cystoid spaces as well as 
reduced visual acuity recorded over a 
five-year period, yet the eye re- 
sponded rapidly and completely to 
treatment. 

The best predictor of response was 
the cause of the disease. In the two 
groups with retinal venous obstruc- 
tion not one patient responded to 
treatment. By contrast, in inflamma- 
tory and genetically determined dis- 
orders, more than half of the patients 
had a good response. In all patients 
responding to treatment, stereoangi- 
ography demonstrated fluorescein 
entering the outer retina from the 
pigment epithelium, although the vast 
majority of patients also had dilata- 
tion of the retinal capillaries from 
which dye also leaked. 

The maintenance dosage required 
to retain the therapeutic effect varied 
from 500 mg/d (four patients) to 125 
mg on alternate days (two patients); 


1192 


the majority of patients needed 250 
mg/d to retain their best vision. It 
was also established that dichlor- 
phenamide was as effective as aceta- 
zolamide. In no patient has it yet been 
possible to withdraw treatment with- 
out recurrence of edema, and there is 
no evidence of weakening of the ther- 
apeutic response for periods of up to 
2.5 years. 


COMMENT 


The evidence implies that acetazol- 
amide modifies or causes resolution of 
macular edema in some patients. It is 
true that no placebo was used, but 
both the subjective and objective 
responses were repeatable and no 
response was seen with a drug that 
does not inhibit carbonic anhydrase 
activity. By making all observations 
at the same time of day we avoided 
the diurnal variation of edema" that 
could obscure therapeutic effect. In no 
patient could the treatment be with- 
drawn without recurrence of edema, 
implying that we were not observing 
spontaneous resolution of disease. 

Acetazolamide was found to have 
no detectable effect on macular edema 
due to primary retinal vascular dis- 
ease. In contrast, a large proportion of 
patients with inflammatory or inher- 
ited outer retinal disorders had a 
reproducible positive response to acet- 
azolamide therapy. In some of these 
disorders there is evidence of retinal 
pigment epithelial dysfunction. Leak- 
age of fluid through the pigment epi- 
thelium has been recorded in retinitis 
pigmentosa complicated by retinal 
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generalized 


edema.'”!* There is evidence that pig- 
ment epithelial function is diffusely 


involved in cases of both focal and 
intraocular inflamma- 


tion.” Both the patients with uveitis sa 


and those with aphakic macular ede- 
ma would fall into this category. Fur- 
ther support for this view can be 
derived from the work of Tso.” He 
found that the permeability of the 
retinal pigment epithelium to horse- 
radish peroxidase was abnormal in 
primates with retinal edema follow- 
ing anterior segment surgery. It has 
also been suggested that pigment epi- 
thelial dysfunction occurs in retinal 
telangiectasis.”! 

The concept that the response was 
limited to patients with pigment epi- 
thelial disease is supported by the 
observation during angiography of 
dye leakage through the retinal pig- 
ment epithelium into the outer retina 
in these cases. 

It is possible only to speculate as to 
the nature of the therapeutic mecha- 
nisms involved, which are likely to be 
related both to the metabolic effect of 
acetazolamide and to the nature of the 
cellular dysfunction in the patients 
who responded to treatment. In the 
normal retina the volume and consti- 
tution of the extracellular space are 
regulated by the pigment epithelium 
and retinal capillary endothelial 
cells.” Each cell system prevents free 
entry of plasma constituents into the 
retina and actively transports water 
out of the retina. It has been shown 
that Miiller’s cells also may move 
water from the retina into the vitre- 
ous.’ Retinal edema may be generated 
by either increased input of extracel- 
lular fluid from the retinal capillaries 
or choroid because of passive leakage 
through these cell systems, or by 
reduction of the active transport out 
of the retina. An additional possibility 
is the phenomenon of loss of polarity 
of the retinal pigment epithelium 
whereby this cell system may move 
water inward toward the retina.” This 
concept was originally proposed as 
being relevant to the etiology of cen- 
tral serous retinopathy but may have 
wider implications in the pathogen- 
eses of retinal diseases. 

It is unlikely that the response 
would have been mediated through 
diuresis or a change in blood pressure 
since acetazolamide has less influence 
on each of these functions than does 
cyclopenthiazide. Furthermore, the 
selectivity of response in terms of the 
nature of the condition rather than 
the severity or duration of the edema 
implies a more specific mechanism. 
This selectivity may be explained by 
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differential aceess of acetazolamide to 
retinal cells. In the normal eye aceta- 
zolamide does not pass freely into the 
retina.~ Thus, it would be exposed 
only to carbonic anhydrase in the 
outer ce | membrane of the pigment 
epithelium. In the eyes with edema, 
however drug entry may be different 
from thet in the normal eye. 

Alternatively, the specificity of the 
response could be related to the vari- 
able effect of azetazolamide on the 
two different isoenzymes of carbonic 
anhycrase found in the retina (car- 
bonic anaydrase I and II). The distri- 
bution is different between these iso- 
enzymes. and isoenzyme II is more 
active than isoenzyme I.’ Bhattacher- 
jee* has shown that the carbonic 
anhydrase activity is highest in the 
pigment 2pitheliam and Miiller’s cells, 
and he has demonstrated histochemi- 
eally thet carbonic anhydrase in the 
rabbit pgment epithelium is inacti- 
vated by acetazolamide. 

Finally, it is pessible that the effect 
is not simply to increase normal out- 
ward transport of fluid but that it is 
related t a specific response of dis- 
eased cels. For example, if the polari- 
ty of pmment epithelial cells was 
abnorma. with respect to water move- 
ment, it might be corrected by ion 
concentration changes induced by car- 
bonic anaydrase inhibitors. There is 
evidence that cellular polarity is 
determined bw transcellular and 
intracellular pH gradients.” Further- 
more, it has been shown that changes 
in the rate of water movement can be 
induced by manipulating the metabol- 
ic environment of retinal pigment epi- 
thelium in culture.’’** Alteration of 
retina! capillary behavior could be 
explainec by a direct effect of aceta- 
zolamide on endethelial cells or may 
represent a respense to environmen- 
tal changes consequent to correction 
of pigment epithelial function. 

The maintenance dose required to 
sustain a therapeutic response in 
some patents was much smaller than 
doses used to reduce intraocular pres- 
sure or to cause measurable changes 
in the rate of reabsorption of subreti- 
nal fluid in cynomolgus monkeys” and 
rabbits. However, the results in ani- 
mal experiments were variable and 
the measuring systems may have been 
too insensitive to detect small changes 
in water movement. Furthermore, 
pigment epithelial function can be 
altered br small doses of acetazolam- 
ide, as illustrated by our finding that 
in humans the standing potential is 
reduced by 30% by only 25 mg injected 
intravenously.” The relatively low 
dose required to produce this effect 
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Fig 2.—Fluorescein angiograms of patient 9 
between two and three minutes after dye 
entry. A, At pretreatment visit. B, After two 
weeks of treatment with acetazolamide. C 
through F, At subsequent cross-over times. G, 
After two weeks of treatment with cyclopenthi- 
azide. Complete resolution of edema with 
acetazolamide sodium therapy and recur- 
rence two weeks after withdrawal of treatment 
but no therapeutic effect with a non-carbonic 
anhydrase-inhibiting diuretic is shown. 
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Fig 3.—Fluorescein angiograms of patient 16 
between two and three minutes after dye 
entry. A and B, At pretreatment visit. C and D, 
After two weeks of treatment with acetazola- 
mide sodium. E through J, At subsequent 
cross-over times. Complete resolution of ede- 
ma with acetazolamide amd recurrence two 
weeks after withdrawal of treatment is shown. 
No therapeutic effect was seen with cyclopen- 
thiazide (K and L), but resolution occurred 
again after resumption of aeetazolamide treat- 
ment (M and N). 





lends some support to the concept that 
we were observing a specific metabol- 
ic effect pecaliar to those disorders in 
which a response was seen. 

The findings ef the present study 
have therapeutic implications. In par- 
ticular, the macular edema associated 
with retinitis pigmentosa may add so 
considerably to the patient’s overall 
visual disahility that laser photocoag- 
ulation has been advocated,” despite 
the high risk intrinsic to this form of 
therapy.™ Although aphakic macu- 
lar edema is common, it is usually 
self-limiting, and major visual loss 
occurs in only a small proportion of 
cases. Nevertheless, aphakia is a com- 
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mon state and the number of patients 
with visual impairment is large. In 
intermediate uveitis, macular edema 
represents one of the major complica- 
tions of the disorder. There is no 
proven treatment for any of these 
conditions and yet they cause consid- 
erable visual morbidity. In all of these 
situations treatment with acetazol- 
amide could be tried as a first thera- 
peutic attempt, since use of this drug is 
associated with few serious complica- 
tions, even when it is taken over long 
periods,” and low doses are required to 
produce a therapeutic effect. 

The lack of complete visual recovery 
may be explained by irreversible neu- 
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Acanthamoeba Keratitis 


Potential Role for Topical Clotrimazole in 
Combination Chemotherapy 


William T. Driebe, Jr, MD; George A. Stern, MD; Randy J. Epstein, MD; G. S. Visvesvara, PhD; 


Marwa Adi, MD; Thomas Komadina, MD 


è Clotrimazole is an antifungal agent 
that has been shown to have excellent in 
vitro activity against most strains of Acan- 
thamoeba. We encountered four patients 
who developed Acanthamoeba keratitis 
while wearing contact lenses that had 
been stored in homemade saline. Their 
medical treatment regimens included the 
use of topical 1% clotrimazole. In two 
patients in whom conventional therapy 
failed, clotrimazole was successful in 
controlling recurrent infection following 
penetrating keratoplasty. Two other 
patients were treated with clotrimazole as 
well as propamidine isethionate and neo- 
mycin sulfate—polymyxin B sulfate—grami- 
cidin from the outset, and had an excel- 
lent response to medical therapy. In those 
patients who found the commercially 
available cream uncomfortable, a 1% clo- 
trimazole suspension formulated in artifi- 
cial tears was used and found to be well 
tolerated. 

(Arch Ophthalmol 
1201) 
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Acanthamoeba keratitis has been 
reported with increasing frequen- 
cy over the past three years.'* This 
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serious corneal infection is generally 
seen in soft contact lens wearers, 
especially those who have stored their 
lenses in saline solutions made with 
salt tablets dissolved in water from 
nonsterile sources.*** Corneal infec- 
tions caused by Acanthamoeba have 
been notably difficult to treat. In a 
large percentage of cases, medical 
treatment has failed, and recurrent 
infections following therapeutic cor- 
neal transplantation have been com- 
mon.** Currently, the recommended 
medical treatment most often in- 
cludes the use of topical neomycin 
sulfate and propamidine isethionate.*” 
Recently, favorable results also have 
been reported with topical 1% micon- 
azole.' Other drugs, including keto- 
conazole, natamycin, and paromomy- 
cin, have demonstrated in vitro activi- 
ty against Acanthamoeba but have 
yielded variable results clinically. 
Some physicians have advocated early 
surgical intervention for patients 
whose conditions do not respond well 
to medical management,’ whereas 
others have recommended deferring 
surgery for as long as possible.» 
Clotrimazole is a broad-spectrum 
antifungal agent belonging to the 
imidazole class of drugs. It is current- 
ly available in the United States in 
dermatologic and vaginal prepara- 
tions used for the treatment of super- 
ficial mycoses. In addition, it has been 
used successfully in England for the 
topical treatment of fungal keratitis.'? 
Clotrimazole has also been shown to 
have superior in vitro activity against 
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a variety of strains of Acanthamoeba" 
(G.S.V., unpublished data, July, 1986). 

In this study, we describe four 
patients whom we treated for Acan- 
thamoeba keratitis with medical regi- 
mens that included the use of topical 
1% clotrimazole. In two patients in 
whom treatment failed with other 
currently recommended medications,‘ 
clotrimazole was effective in control- 
ling recurrent corneal infection after 
penetrating keratoplasty. In the other 
two patients, whose treatment regi- 
mens included clotrimazole from the 
outset, there was a dramatic response 
to medical therapy. In those patients 
who could not tolerate the commer- 
cially available cream, a 1% clotrima- 
zole suspension formulated in artifi- 
cial tears was used. 


REPORT OF CASES 


Case 1.—A 44-year-old physician previ- 
ously described* presented to one of us 
(W.T.D.) on Jan 9, 1986, with a two-week 
history of pain and photophobia in his left 
eye. He wore cosmetic extended-wear soft 
contact lenses and used homemade saline. 
His visual acuity was reduced to 20/40 OS, 
and there was a 2.5-mm paracentral ante- 
rior stromal corneal infiltrate with an 
overlying epithelial defect. Corneal scrap- 
ings for stains and cultures were negative 
for bacterial and fungal organisms, and 
treatment with topical cefazolin sodium 
(50 mg/mL) and tobramycin sulfate (13.6 
mg/mL) was ineffective. 

Two weeks later, a third corneal scrap- 
ing revealed cysts typical of Acanthamoe- 
ba. Culture organisms were identified as 
Acanthamoeba culbertsoni (by G.S.V.) at 
the Centers for Disease Control (CDC), 
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4 Fig 1.—Patient 1. Keratitis rapidly progressed ten weeks after initiating Fig 4.—Patient 2. Minimal stromal scarring remains after three months 
= treatment. of treatment including topical 1% clotrimazole. 





Fig 2.—Patient 1. Recurrent Acanthamoeba keratitis developed after Fig 5.—Patient 3. Large area of dense corneal infiltration with ring 
keratoplasty and presented as early ring infiltrate. ulceration noted before treatment. 





Fig 3.—?atient 2. Three-millimeter area of irregular epithelium overly- Fig 6.—Patient 3. Superficial vascularizatioa with minimal stromal 
ing anterior stromal infiltrate noted on presentation. scarring remain after one month of medical tnerapy including topical 
1% clotrimazole. 
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Fig 7.—Patient 4. Radial keratoneuritis (arrows) was noted at initial 


presentation. 


Atlanta. Therapy with topical neomycin- 
polymyxin B sulfate-gramicidin, propam- 
idine, and miconazole hourly was begun. 
Fluorometholone (0.25%) was used four 
times a day, and systemic ketoconazole 
therapy (200 mg twice a day) was also 
begun. The lesion showed no progression; 
however, the epithelium failed to heal, and 
the eye remained uncomfortable. Topical 
1% miconazole therapy was eventually dis- 
continued because of patient discomfort. 
Treatment was then modified to include 
only propamidine and 1% prednisolone 
acetate both four times daily. There was 
some improvement in the infiltrate, and 
the epithelium healed over the next 
month. 

Ten weeks after initiating treatment the 
patient was suddenly unable to continue 
his topical drops because of extreme dis- 
comfort on instillation. The keratitis wors- 
ened, with intense pain, a marked increase 
in the size of the infiltrate, and extension 
to within 2.5 mm of the limbus temporally 
(Fig 1). Because of the rapid progression 
and intolerance to medical therapy, a 9.5- 
mm penetrating keratoplasty was per- 
formed into clinically clear tissue. Postop- 
eratively the patient was treated with top- 
ical neomycin-polymyxin B-gramicidin, 
propamidine, and 0.1% dexamethasone 
sodium phosphate (Decadron) each four 
times daily, and oral ketoconazole. Patho- 
logic examination of the excised button 
demonstrated thru’ out amoebic organisms 
at all levels of the cornea and at the 
margin of resection. 

Seventeen days after keratoplasty, the 
patient developed an infiltrate in the supe- 
rior aspect of the donor cornea that even- 
tually progressed in an arcuate fashion to 
involve the entire periphery of the graft 
(Fig 2). The infiltrate was culture-positive 
for Acanthamoeba. Medical therapy, 
including intensive neomycin-polymyxin 
B-gramicidin and natamycin every three 
hours, propamidine hourly, and dexameth- 
asone four times a day, failed to control the 
inflammation; the graft gradually became 
hazy and totally denuded of epithelium. A 


progressive ring ulceration at the margin 
of the graft eventually caused a wound 
dehiscence, and the keratoplasty was 
repeated 14 weeks after the first trans- 
plant. Histopathologic results demonstrat- 
ed amoebic cysts at all levels of the stroma 
and extending to the margin of resection in 
one area. In the immediate postoperative 
period, based on sensitivity testing per- 
formed at the CDC, clotrimazole was pre- 
pared as a 1% suspension in artificial 
tears, which the patient found comfortable 
to use every two hours. Postoperatively, 
the patient also was treated with neomy- 
cin-polymyxin B-gramicidin and propam- 
idine every two hours. Topical steroids 
were used once daily. 

Several weeks after the keratoplasty, a 
progressive wedge-shaped epithelial defect 
developed in the nasal aspect of the graft 
and gradually extended to encompass one 
fourth of the graft surface. No infiltration 
was associated with the epithelial defect, 
and the area was culture-negative for 
Acanthamoeba. It was felt that this epithe- 
lial defect was related to medication toxic- 
ity, and eventually all medications were 
reduced to twice daily. Shortly thereafter 
the stroma began to thicken in the area of 
the epithelial defect in association with 
deep stromal infiltration. The dosages of 
topical clotrimazole and propamidine were 
increased to every two hours with a dra- 
matic response, demonstrated by clearing 
of the infiltrate and a return to normal 
stromal thickness. After several weeks, the 
epithelial defect responded to a combina- 
tion of intermittent pressure patching 
and topical clotrimazole and propamidine 
four times a day. 

All topical medications were tapered 
over a four-month period, without evidence 
of recurrence. Several months later the 
patient developed a mild immunologic 
graft reaction with keratic precipitates, 
which was easily controlled by increasing 
his topical steroid therapy. Six months 
after repeated keratoplasty, all topical 
medications, with the exception of twice- 
daily 1% prednisolone phosphate, were 
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Fig 8.—Patient 4. Persistent epithelial defect developed in edge of 
transplant that was positive for Acanthamoeba by fluorescent antibody 
Staining. Topical 1% clotrimazole therapy was begun, with rapid healing 
of defect. 


discontinued. The eye has remained free of 
inflammation while not receiving any 
antiamoebic medications, without evidence 
of recurrent acanthamoebic disease. Four- 
teen months after the second graft, the 
patient underwent an extracapsular cata- 
ract extraction with posterior chamber 
intraocular lens implantation for a poste- 
rior subcapsular cataract that had devel- 
oped during the course of treatment. At 
this writing he has a best corrected visual 
acuity of 20/20 OS, 27 months after the 
onset of his symptoms. 

Final sensitivity studies from the CDC 
revealed the following values for the mini- 
mal inhibitory concentration (MIC) and 
the minimal amoebicidal concentration 
(MAC) (MIC and MAC): clotrimazole (0.39 
mg/L and 1.55 mg/L); miconazole (12.5 
mg/L and 55.0 mg/L); ketoconazole (1.55 
mg/L and 50 mg/L); propamidine isethion- 
ate (6.25 mg/L and >50 mg/L); and neomy- 
cin-polymyxin B-gramicidin (50 mg/L and 
>200 mg/L). 

CASE 2.—A 36-year-old woman was 
referred to one of us (G.A.S.) on April 23, 
1987, with a one-month history of severe 
pain and photophobia in the right eye. She 
had previously tried to wear soft contact 
lenses for the correction of myopia but was 
unable to be comfortably fitted. She had 
more recently worn Saturn II contact 
lenses (a combination hard and soft lens, 
Barnes-Hind, San Diego), which she had 
stored in homemade saline solutions, until 
two weeks before the onset of symptoms. 
She had been treated with a variety of 
topical antibiotics, antiviral drugs, and 
corticosteroids without improvement. 

On initial examination, her best cor- 
rected visual acuity was 20/100 OD. The 
right bulbar conjunctiva was markedly 
hyperemic. In the right cornea, there was a 
3-mm area of irregular epithelium overly- 
ing an anterior stromal infiltrate (Fig 3). 
There was a 3+ cell and flare reaction in 
the anterior chamber. 

Corneal scrapings using multiple stains 
revealed only polymorphonuclear leuko- 
cytes. Cultures were negative for bacteria 
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Organism 


Treatment 


Standage. ye ene 
Medical Topical 
Therapyt Steroids 


1744 2 wk EW soft Acanthamoeba + + + 
culbertsoni 
2/36 1 mo DW Saturn Acanthamoeba + — — 
castellani 
DW soft Acanthamoeba 
castellani 


Keratoplasty Clotrimazole 


Final 


1% Visual Follow-up, 





Outcome Acuity mo 
After PKP Clear PKP 20/20 27 
+ Corneal 20/20 12 
scar 
Corneal 20/50 


scar 
DW soft Acanthamoeba After PKP Clear PKP 20/20 
polyphaga 


* EW indicates extended wear; DW, daily wear; plus sign, yes; minus sign, no; and PKP, penetrating keratoplasty. 
tinciuding topicalipropamidine isethionate and neomycin sulfate. 


and fungi. However, cultures for Acantha- 
moeba became positive after four days and 
were subsequently identified as Acantha- 
moeba castellani. 

Fina! sensitivity studies from the CDC 
revealed the follewing values for the MIC 
and MAC (MIC and MAC): elotrimazole 
(0.19 mg/L and 155 mg/L); miconazole 
(12.5 mg/L and 500 mg/L); ketoconazole 
(6.25 mg/L and 50 mg/L); propamidine 
(6.25 mg/L and >50 mg/L); and neomycin- 
polymyxin B-gramicidin (50 mg/L and 
>200 mg/L). 

The patient was initially treated with 
topical neomycin-pelymyxin B-gramicidin 
three times a day and tobramycin every 
half hour. Topical steroid therapy was 
discontinued. However, when cultures 
became positive for Acanthamoeba, she 
was switched to a pegimen of topical neo- 
mycin-polymyxin B-gramicidin, propam- 
idine, and a 1% suspension of clotrimazole, 
each given six times daily. On this regi- 
men, the patients condition gradually 
impreved, with a decrease in pain, resolu- 
tion of the cornea! infiltrate, and improve- 
ment of visual acuity to 20/30 OD after 
three months of therapy (Fig 4). She con- 
tinued to use the three medications four 
times daily. Three months later, while out 
of the state, she ram out of clotrimazole and 
continued only neomycin-polymyxin B- 
gramicidimand propamidine therapy every 
three heurs. 

After am additonal two months, she 
noted increasing pain, photophobia, and 
blurred vision. A mild anterior stromal 
infiltrate had recurred at the initial site. 
The frequency of her neomycin-polymyxin 
B-gramicidin and propamidine therapy 
was inereased to hourly, and clotrimazole 
therapy was reinstituted three days later. 
There was a rapid response, with improve- 
ment of her symptoms and return of her 
visual acuity to 20/30 OD. The neomycin- 
polymyxin B-gramicidin and propamidine 
therapies were discontinued on Oct 12, 
1987, due to a marginal punctate keratitis 
felt te represent æ hypersensitivity reac- 
tion. She has since been using a 1% suspen- 
sion of clotrimazole four times daily with- 
out a further recurrence. At this writing 
her visual acuity is 20/20 OD one year after 
the onset ef symptems. 

Case 3.—A 20-year-old pregnant woman 
who had been treated for four months with 
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topical steroids and antiviral drugs for 
presumed herpetic keratitis in the left eye 
was referred to one of us (G.A.S.) on Aug 24, 
1987, for further treatment. She had worn 
daily-wear soft contact lenses, which she 
had stored in homemade saline. When we 
first examined her in August 1987, her best 
corrected visual acuity was 20/200 OS. In 
the left cornea, there was a large epithelial 
defect overlying an area that was densely 
infiltrated with two concentric ring infil- 
trates, the larger measuring 5.5 mm (Fig 5). 
There was mild thinning of the ulcer bed, 
and the cornea was hypesthetic. 

Corneal scrapings stained with Gram’s, 
Giemsa, and methenamine silver stains 
revealed many amoebic cysts and occasion- 
al trophozoites. Bacterial and fungal cul- 
tures were negative, cultures for Acantha- 
moeba were positive, and the isolate was 
subsequently identified as A castellani. 
Antiamoebic sensitivity testing was no 
longer available at the CDC. 

Treatment was begun with topical neo- 
mycin-polymyxin B-gramicidin, propam- 
idine, and a 1% clotrimazole dermatologic 
cream, each used every two hours. The 
topical steroid and antiviral therapies 
were discontinued. Within three days, 
gradual clearing of the infiltrate and par- 
tial reepithelialization were noted. After 
two weeks, the frequency of the medica- 
tions was reduced to five times daily. After 
four weeks, the cornea had totally reepi- 
thelialized, the infiltrate had completely 
cleared, and vision had improved to 20/80 
OS (Fig 6). Mild central corneal thinning 
and superficial vascularization remained 
as sequelae of the infection. Neomycin- 
polymyxin B-gramicidin therapy was dis- 
continued, and propamidine and clotrima- 
zole were continueé four times daily. After 
eight months of treatment, her condition 
remains stable, and at this writing her 
visual acuity is 20/50 OS. 

Case 4.—A 33-year-old physician was 
referred to one of us (R.J.E.) on Feb 1, 1987, 
because of a ten-day history of a painful 
keratitis in the left eye, which was unre- 
sponsive to trifluridine and 0.25% fluo- 
rometholone therapy. She had used daily- 
wear soft contact lenses and stored them in 
homemade saline. Initial examination 
revealed a best corrected visual acuity of 
20/30 OS. In the left cornea there was a 
5.0-mm-long, crescent-shaped area of epi- 
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theliopathy inferonasally associated with 
a mild diffuse punctate epithelial kerato- 
pathy. Her corneal sensation was marked- 
ly diminished. There were also a number of 
radial arborizing infiltrates with club- 
shaped tips. Because of this associated 
radial keratoneuritis, Acanthamoeba kera- 
titis was considered in the original differ- 
ential diagnosis. Corneal scrapings were 
sent for Gram’s and Giemsa staining, as 
well as viral and bacterial cultures, all of 
which were negative. 

On the following day, the radial keraton- 
euritis had increased to involve the cornea 
for 360°, extending all the way to the 
limbus (Fig 7).. Topical 1% prednisolone 
acetate and 0.1% idoxuridine were added 
every two hours. Her visual acuity fell to 
20/80 OS as her epithelial keratopathy 
worsened, and the topical idoxuridine ther- 
apy was discontinued because of suspected 
antiviral toxicity. 

Two weeks after initial presentation, a 
corneal biopsy was performed. Stains and 
cultures for all microorganisms, including 
Acanthamoeba, were negative. However, 
Acanthamoeba organisms were later iden- 
tified on a wet preparation from her con- 
tact lens case. The distilled water used to 
store her contact lenses was culture-nega- 
tive, but cultures of the solution in the lens 
case did yield Acanthamoeba polyphaga. 
The patient’s condition progressed to 
develop a 360° ring infiltrate despite the 
use of a number of medications at different 
times, including hourly propamidine, neo- 
mycin sulfate (50 mg/mL), natamycin, and 
neomycin-polymyxin B-dexamethasone. 
She was unable to tolerate topical micona- 
zole (10 mg/mL). 

The infiltration eventually spread to 
within 1.0 mm of the inferior limbus, and 
on June 8, 1987, a 10.0-mm donor cornea 
was sewn into a 9.5-mm recipient bed. The 
graft was deliberately decentered infero- 
temporally in an attempt to achieve total 
excision of the areas of presumed corneal 
infiltration. Pathologic examination re- 
vealed Acanthamoeba organisms through- 
out the entire superficial stroma, including 
the central cornea, which had been clear 
clinically. Organisms were noted at the 
margin of the excision superonasally. Post- 
operatively, she was treated with hourly 
topical neomycin B-polymyxin-dexameth- 
asone, propamidine, and 1% miconazole, as 
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well as oral ketoconazole (200 mg three 
times a day) and oral prednisone, which 
was tapered over two weeks. Within a 
week, the miconazole therapy had to be 
discontinued because of a severe, diffuse, 
punctate epithelial keratopathy. The donor 
cornea rapidly reepithelialized, except for 
the nasal rim of donor tissue. The edge of 
the epithelial defect that persisted was 
scraped. A 10% formalin-fixed slide, 
which was sent to the CDC for fluorescent 
antibody staining, was positive for Acan- 
thamoeba, but cultures for Acanthamoeba 
from this area were negative. Hourly 
treatment with paromomycin (10 mg/mL) 
was begun, and 1% prednisolone therapy 
was continued four times a day. One month 
postoperatively, after obtaining informed 
consent, hourly treatment with topical 1% 
clotrimazole intravenous solution was 
instituted, but she found it intolerable. 

The epithelial defect stabilized but per- 
sisted. It now measured 6.0 mm in length 
along the peripheral rim of the graft nasal- 
ly (Fig 8). After obtaining approval from 
the Food and Drug Administration (FDA), 
clotrimazole powder was mixed with artifi- 
cial tears in a 1% suspension, and topical 
therapy was begun on an hourly basis. 
Within three days of instituting this treat- 
ment, the epithelial defect, which had been 
present for a month, disappeared, leaving 
only a small (<l-mm) area of staining. 
Within a week, the patient’s visual acuity 
was 20/30 OS, and there was no epithelial 
defect. The paromomycin therapy was dis- 
continued, the clotrimazole was decreased 
to every two hours, and the prednisolone 
administration was reduced to once daily. 

Several weeks later, because of high 
astigmatism, a suture was removed at the 
8:30 position, and she developed a persis- 
tent epithelial defect in that area. Scrap- 
ings were taken for cultures, immunofluo- 
rescent antibody testing, and calcofluor 
white stains, all of which were negative. It 
was suspected that this epithelial defect 
was sterile, and pressure patching was 
begun. The epithelial defect began healing 
until only a small area of epitheliopathy 
remained five days later. 

At this writing no further areas of epi- 
thelial breakdown have developed, and no 
areas of infiltration suggestive of recur- 
rent Acanthamoeba have been noted. The 
patient’s best corrected visual acuity is 
20/20 OS 14 months after her initial symp- 
toms and ten months after keratoplasty. 
She is maintained on a regimen of topical 
1% clotrimazole and propamidine twice a 
day. She uses one drop of 0.25% fluorome- 
tholone every other day. 

Final sensitivity studies from the CDC 
revealed the following values for the MIC 
and MAC (MIC and MAC): clotrimazole 
(0.19 mg/L and 1.55 mg/L); miconazole 
(12.5 mg/L and 50.0 mg/L); ketoconazole 
(3.1 mg/L and 100 mg/L); propamidine 
(12.5 mg/L and >50 mg/L); and neomycin- 
polymyxin B-gramicidin (50 mg/L and 
>200 mg/L). 


COMMENT 


Improvements in diagnosis, and an 
Increased awareness by clinicians, 


dal | eee ral ome ie eee, sie le ee a ie 


have led to earlier recognition of 
Acanthamoeba keratitis.!37*'*6 Un- 
fortunately, in some reports response 
to both medical and surgical therapy 
has been disappointing.** While con- 
troversy exists regarding the best 
method of treatment, the need for 
more effective drugs against Acantha- 
moeba remains a high priority. We 
feel our experience demonstrates that 
topical 1% clotrimazole can be helpful 
in controlling this disease (Table). In 
two of our patients in whom medical 
therapy failed and who went on to 
undergo keratoplasty, the addition of 
clotrimazole postoperatively was ef- 
fective in controlling recurrent infec- 
tion. Our other two patients, whose 
treatment included clotrimazole from 
the outset, in addition to propamidine 
and neomycin-polymyxin B-gramici- 
din, both exhibited a rapid response to 
therapy even with lower frequencies 
of medication than are currently rec- 
ommended. 

Our interest in clotrimazole as a 
therapeutic drug for Acanthamoeba 
keratitis initially began with the 
results of sensitivity testing obtained 
from the CDC. Examination of nearly 
30 different strains of Acanthamoeba 
has shown clotrimazole to be the most 
effective drug against the trophozoite 
form of the organism, with MIC rang- 
ing from 0.19 to 1.55 mg/L, and an 
MAC of 0.78 to 3.1 mg/L (G.S.V. and 
E. G. Plourde, Jr, DPH, oral communi- 
cation, July, 1986). In our patients, as 
noted in our case reports, the MIC and 
MAC values obtained with clotrima- 
zole were consistently better than 
those of miconazole, ketoconazole, 
propamadine, and neomycin. Al- 
though clinical success has recently 
been reported with topical micona- 
zole,' our use of this drug was limited 
by patient intolerance and epithelial 
toxicity. 

Earlier work by Stevens and Wil- 
laert'® also noted the effectiveness of 
clotrimazole against cultures of four 
different species of Acanthamoeba at 
concentrations that can easily be 
attained in ophthalmic preparations. 
Other case reports of acanthamoebic 
keratitis have previously reported 
favorable in vitro sensitivity testing 
with clotrimazole.'*” However, Nag- 
ington and Richards" did not find 
clotrimazole to be helpful, particular- 
ly against the cyst stage of the orga- 
nism. The differences in study design 
may partly explain the conflicting 
opinions, but it is apparent that no 
drug, including clotrimazole, is consis- 
tently effective against the cyst stage 
of the Acanthamoeba organism. Vari- 
ations in the clinical response to dif- 
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ferent drugs are therefore likely re- 
lated to the ability of various strains 
of the organism to persist once 
encysted. 


Another consideration in the use of- 


topical clotrimazole is the toxicity of 
this medication. A recent study by 
Gilbert et al? examined the relative 
toxicity in a rabbit model of topical 
clotrimazole in three different prepa- 
rations, including a commercially 
available 1% cream. Although the 1% 
clotrimazole cream produced a mild 
conjunctival reaction, no significant 
epithelial toxicity was seen. Noting 
the favorable in vitro testing of Acan- 
thamoeba to clotrimazole, the authors 
stressed the need for further bioavail- 
ability studies of this drug to deter- 
mine the optimal ophthalmic prepara- 
tion. 

Aside from the use of antiamoebic 
drugs, the role of topical steroid ther- 
apy in the treatment of Acanthamoe- 
ba is another important and contro- 
versial area.” While some authors feel 
steroids may be useful,‘ others feel 
they adversely affect the chances of 
medically controlling the disease.” 
We agree with Moore and McCulley”! 
that the use of steroids may not be 
beneficial in the treatment of this 
disease. Topical steroid therapy was 
not effective in achieving medical con- 
trol in two of our patients with pro- 
gressive keratitis who eventually 
required penetrating keratoplasty 
(Table). Our other two patients, who 
both showed an excellent response to 
medical therapy including topical 1% 
clotrimazole, were not treated with 
steroids once the disease was recog- 
nized. The lack of steroid therapy may 
actually improve the ability of antia- 
moebic drugs, and the host response, 
to control or eradicate the organism. 
The management of these cases, how- 
ever, often is complicated by the fact 
that the patients are frequently being 
treated with topical corticosteroids at 
the time they are referred. 

We currently use topical 1% clotri- 
mazole in addition to propamidine 
and neomycin-polymyxin B-gramici- 
din in the treatment of Acanthamoeba 
keratitis. Topical steroids are avoided, 
or their use is kept to a minimum. 
Propamidine (Brolene) is available in 
the United Kingdom and can be 
obtained with FDA approval. Neomy- 
cin is available in a number of com- 
mercially prepared ophthalmic solu- 
tions; clotrimazole is not currently 
formulated as an ophthalmic prepara- 
tion. We have used the commercially 
available 1% clotrimazole cream in 
our patients with hypesthetic corneas 
but found that other patients, with 
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normal corneal sensation, could not 
tolerate it. Because a commercially 
available ophthalmic preparation is 
not currently produced, clotrimazole 
powder was obtained from Schering 
Laboratories, Kenilworth, NJ, cul- 
tured, and then formulated into a 1% 
suspension using an artificial tear 
vehicle. Approval was first obtained 
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from the FDA and the institutional 
review committee. The patients were 
instructed to shake the bottle before 
instillation to resuspend the drug, and 
the suspension was reformulated 
every two weeks. This preparation, 
which was used in three of our four 
patients, has been very well tolerated 
and appears to be clinically effective. 
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We hope that a commercial prepara- 


tion of topical clotrimazole eventually 
will become available. 
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Elevated Corneal Epithelial Lines in 


Acanthamoeba Keratitis 


George J. Florakis, MD; Robert Folberg, MD; Jay H. Krachmer, MD; David T. Tse, MD; 
Thomas J. Roussel, MD; Michael P. Vrabec, MD 


@ Elevated corneal epithelial lines are 
another clinical sign in Acanthamoeba 
corneal infection. In this report, one 
patient wore extended wear soft contact 
lenses, and another wore daily wear soft 
contact lenses. Both patients used dis- 
tilled water and salt tablets in their lens 
care. Histopathologic examination of 
these lines revealed trophozoites and 
cysts. In one of the patients following 
penetrating keratoplasty, Acanthamoeba 
castellani and Acanthamoeba polyphaga 
were cultured by impression cytology of 
an- epithelial line, as well as from the 
bulbar and tarsal conjunctiva. In the other 
patient who did not undergo penetrating 
keratoplasty, these lines appeared in the 
cornea one month after initial symp- 
toms. 

(Arch 
1206) 
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R™ infiltrates have, until recently, 
been considered the “hallmark” 
sign of Acanthamoeba keratitis'; how- 
ever, this finding is usually seen in 
advanced cases. Other signs include 
infiltrates along corneal nerves,” cor- 
neal stromal edema, iritis,‘ elevations 
in intraocular pressure,’ scleritis,° 
decreased corneal sensation,’ and a 
variety of epithelial and subepithelial 
changes. We report two cases of 
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Acanthamoeba keratitis with elevated 
corneal epithelial lines as a prominent 
clinical feature in one patient who had 
undergone penetrating keratoplasty 
six months after the onset of symp- 
toms and in another patient who 
developed elevated epithelial lines 
one month after the onset of symp- 
toms. These lines were initially misin- 
terpreted as epithelial rejection lines 
in the first patient and as healing 
epithelium, or dystrophic changes, in 
the second patient. The lines were 
scraped and found to contain Acan- 
thamoeba trophozoites and cysts by 
direct histopathologic examination 
and by impression cytology culture. 


REPORT OF CASES 


Case 1.—In January 1987, a 16-year-old 
boy was referred to one of us (J.H.K.) with 
a diagnosis of an atypical keratitis associ- 
ated with subepithelial infiltrates for two 
months in the right eye. The patient wore 
extended wear soft contact lenses and used 
distilled water and salt tablets in his lens 
care. He also wore his contact lenses while 
waterskiing. Corneal scrapings that were 
taken one month before his presentation to 
us revealed no organisms by Gram’s and 
Giemsa stains and no growth on blood 
agar, chocolate agar, thioglycolate broth, 
Sabouraud’s medium, and _ nonnutrient 
agar plates with Escherichia coli over- 
lays. 

On our initial examination, his visual 
acuity was 20/60 OD and 20/20 OS. Slit- 
lamp examination revealed 2+ eyelid 
swelling about the right eye with crusting 
at the eyelid margins. A mild papillary 
conjunctival reaction with hyperemia was 
identified, along with diffuse epithelial 
and subepithelial corneal infiltrates. Stro- 
mal ring infiltrates and infiltrates along 
corneal nerves were not observed. Corneal 
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sensation was decreased. The anterior 
chamber was normal. The left eye was 
entirely normal. 

Our working diagnosis was Acanthamoe- 
ba keratitis, based on the patient’s history, 
slit-lamp examination results, and recalci- 
trant course. The cornea of the right eye 
was scraped, and repeated cultures showed 
no growth on nonnutrient agar that was 
overlaid with E coli. 

The patient’s keratitis subsequently 
worsened with increased anterior stromal 
infiltration, and the visual acuity de- 
creased to counting fingers. An approxi- 
mately 20% deep inferonasal corneal biop- 
sy was performed with a 1.5-mm trephine, 
with the expectation that Acanthamoeba 
organisms might be demonstrated. Histo- 
pathologic examination of the biopsy spec- 
imen revealed acute and chronic inflam- 
mation beneath Bowman’s layer with focal 
necrosis. No Acanthamoeba organisms 
were identified with hematoxylin-eosin 
stains. Because the histologic picture was 
consistent with, although not diagnostic of, 
a viral keratitis, vidarabine monohydrate 
(3% five times daily), scopolamine hydro- 
bromide (0.25% twice daily), and predniso- 
lone acetate (1% twice daily) were admin- 
istered. The steroids were added to 
decrease the host inflammatory response. 
Pretreatment viral cultures were subse- 
quently negative for herpes simplex. The 
corneal infiltrate diminished slowly. 

One month later, the visual acuity had 
returned to 20/60 OD. He had a paracen- 
tral disciform infiltrate with corneal thin- 
ning, as well as scattered subepithelial 
infiltrates. He was slowly weaned from 
antiviral medication. The following month, 
however, he appeared with new, denser 
infiltrates. Despite a regimen of vidara- 
bine (3% five times daily), prednisolone 
acetate (1% five times daily), and scopol- 
amine hydrobromide (0.25% four times 
daily), he developed further chemosis, con- 
junctival hyperemia, and corneal infiltra- 
tion. 


Acanthamoeba Keratitis—Florakis et al 


ay 





-= Fig 3.—Case 1. Histopathologic features of scraped corneal epithelial 





Fig 1.—Case 1. Histopathologic features of excised corneal transplant 
button. Acanthamoeba trophozoites (arrows) are in subepithelial tissue 
and superficial stroma (hematoxylin-eosin, original magnification 
X50). 





Fig 4.—Case 1. Preoperative photograph before second penetrating 
keratoplasty shows thin, necrotic cornea-threatening perforation. 





Fig 2.—Case 1. Coarsely elevated corneal epithelial line concentric to 
graft/host interface (arrow) three weeks after penetrating kerato- 


plasty. 





Fig 5.—Case 1. Coarsely elevated corneal epithelial line in second 
corneal graft (arrow). 





line. Cluster of epithelial cells is present at bottom left. Two Acantha- 
moebe trophozoites are present. Arrowheads point to chromocenter 
(hematoxylin-eosim, original magnification X250). Fig 6.—Case 2. Coarsely elevated corneal epithelial line (arrow). 
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In April 1987, he underwent a 9.5-mm 
penetrating keratoplasty in the right eye 
because of further infiltration and central 
corneal necrosis. Histopathologic exami- 
nation of the excised corneal button with 
hematoxylin-eosin staining revealed Acan- 
thamoeba organisms in the subepithelial 
tissue and superficial stroma (Fig 1). The 
patient was treated with oral ketaconazole 
(200 mg daily), as well as hourly topical 
miconazole (10 mg/mL) and hourly topical 
neomycin sulfate (0.5% ) drops. He initially 
did well and maintained a thin and clear 
corneal graft. However, two weeks postop- 
eratively, he developed keratic precipitates 
on the endothelium, stromal edema, and 
1+ cells and flare in the anterior chamber. 
He was then treated with topical predniso- 
lone acetate (1% every two hours) and 
prednisone (80 mg orally per day) as treat- 
ment for a presumed endothelial graft 
rejection. 

One week later, a nonbranching, coarse- 
ly elevated corneal epithelial line was 
detected during slit-lamp examination. 
The line was concentric to the graft/host 
interface and measured approximately 
150° on the donor cornea (Fig 2). Despite 
the presence of diffuse keratic precipitates, 
the degree of stromal edema and anterior 
chamber reaction had diminished. An epi- 
thelial rejection line was considered to be 
the likely diagnosis, and the frequency of 
the topical steroids was increased to hour- 
ly prednisolone acetate (1%). 

Two days later, the epithelial line ap- 
peared to be more prominent, and there was 
increased stromal edema. Therefore, the 
line was scraped with a Kimura spatula. 
The scraped material was quickly touched 
to and scraped over a glass slide and 
immediately immersed in a 37% formalde- 
hyde solution. Cytologic examination of 
the scraped epithelial line with hematoxy- 
lin-eosin staining revealed Acanthamoeba 
trophozoites (Fig 3). The patient was 
admitted to the hospital and treated with 
oral ketoconazole (200 mg daily), as well as 
hourly miconazole (10 mg/mL) and poly- 
myxin B-neomycin-gramicidin (Neosporin) 
drops. Topical and systemic steroids were 
discontinued. An epithelial defect per- 
sisted, and the patient began treatment 
with topical propamidine isethionate 
(0.1% every half hour). The graft stroma 
became hazy. Despite 0.15% dibromopro- 


Fig 7.—Case 2. Histopathologic features of scraped epithelial line. 
Trophozoite (at top left) with characteristic chromocenter (arrowhead) 


pamidine isethionate ointment and patch- 
ing, the epithelium did not heal. In May 
1987, six weeks after the penetrating kera- 
toplasty, the patient developed a wound 
leak at the superonasal graft/host inter- 
face, and three additional corneal sutures 
were placed. The patient’s central cornea 
became thinner and appeared to be necrot- 
ic. Perforation appeared to be imminent 
(Fig 4), and in July, he underwent a second 
(11.0-mm) corneal transplant. 

Histopathologic examination of the 
excised corneal button with hematoxylin- 
eosin staining revealed Acanthamoeba tro- 
phozoites and cysts in the stroma. On the 
first postoperative day, a coarsely elevated 
epithelial line from the 2- to 5-o’clock 
position on the donor cornea was noted. 
This line was concentric to the graft/host 
interface. The line was scraped, and cyto- 
logic examination with hematoxylin-eosin 
staining revealed Acanthamoeba trophozo- 
ites. 

The patient was treated with topical 
paromomycin sulfate (15 mg/mL every 
hour), propamidine isethionate (0.1% 
drops every hour), polymyxin B-neomycin- 
gramicidin drops every two hours, prednis- 
olone sodium phosphate (1% drops four 
times daily), and scopolamine hydrobro- 
mide (0.25% twice daily). Postoperatively, 
the patient developed intraocular pressure 
elevations as high as 39 mm Hg. Oral 
acetazolamide sodium (500-mg sequels 
twice daily), as well as topical dipivefrin 
hydrochloride (0.1% twice daily) and timo- 
lol maleate 0.5% drops twice daily), was 
added to his medical regimen. The scraped 
area began to heal, and the graft remained 
clear. Some stippled anterior lens capsule 
opacifications were noted. The eye was 
otherwise normal. The intraocular pres- 
sure responded to the medical regimen, 
and the patient was discharged six days 
after the penetrating keratoplasty on 
hourly paromomycin sulfate (15 mg/mL), 
polymyxin B-neomycin-gramicidin every 
two hours, propamidine isethionate (0.1% 
every two hours), prednisolone sodium 
phosphate (1% four times daily), dipive- 
frin hydrochloride (0.1% twice daily), timo- 
lol maleate (0.5% twice daily), and scopol- 
amine hydrobromide (0.25% twice daily). 

Two days later, the patient returned 
with another elevated epithelial line (Fig 
5). The line was scraped, and histopatho- 
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and polygonal cyst (at bottom right) are shown (hematoxylin-eosin, 
original magnification X250). 


logic examination with hematoxylin-eosin 
staining again revealed Acanthamoeba tro- 
phozoites and cysts. The graft was other- 
wise clear. New elevated epithelial lines on 
various locations on the donor cornea con- 
tinued to appear during the next several 
weeks that were concentric to the graft/ 
host interface. Each of these epithelial 
lines was found to have Acanthamoeba 
cysts and trophozoites on cytologic exami- 
nation with hematoxylin-eosin staining. 

We interpreted the development of 
recurrent Acanthamoeba-positive elevated 
epithelial lines as an indication that our 
medical therapy was not efficacious. The 
patient was referred to the Bascom Palmer 
Eye Institute at the University of Miami 
for consultation and further procedures. 
While in Miami, the patient continued to 
develop elevated epithelial lines. A culture 
of these lines was taken by the following 
method. Filter paper was touched to the 
corneal line in three distinct areas, as well 
as six separate areas of the tarsal and 
bulbar conjunctivae according to the meth- 
od of conjunctival impression cytology. 
Similar samples were taken from the unin- 
volved eye to serve as a control. The strips 
were left epithelial side down on nonnu- 
trient agar. Three drops of a heavy suspen- 
sion of live Ẹ coli were then placed onto the 
filter paper. This was allowed to dry and 
incubate at 35°C. Subsequently, small 
tracts that emanated from the strip of 
paper were seen and microscopically iden- 
tified as Acanthamoeba organisms. Posi- 
tive growth was noted on two of three 
samples that were taken of the corneal 
line, and from four of six samples that 
were taken from the bulbar and tarsal 
conjunctivae. There was no growth from 
the control eye. At the Centers for Disease 
Control, Atlanta, the isolates were subse- 
quently identified as a mixed culture of 
Acanthamoeba castellani and Acanthamoe- 
ba polyphaga. 

The patient’s graft progressively scar- 
red, and he developed a dense cataract and 
light perception vision. There have been no 
recurrences of epithelial lines or other 
signs of Acanthamoeba infection. 

CASE 2.—A 26-year-old woman who wore 
daily wear soft contact lenses and who 
used distilled water and salt tablets to care 
for her lenses developed a red, swollen, 
painful left eye in July 1987. The primary 
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care ophtkalmologist identified a branch- 
ing cornea epithelial pseudodendrite with 
an underlwing central stromal infiltrate. 
When she presented to one of us (J.H.K.) in 
August 19&7, she was using 0.3% tobramy- 
- cin aintmert every three to four hours. She 
complainec of significant pain in her left 
eye. 

The visual acuity was 20/20 OD and 
hand motiens in the left eye. Slit-lamp 
examinatioa ef the left eye demonstrated 
moderate swelling of the left upper and 
lower eyelids with 3+ hyperemia of the 
conjunctiva A central corneal epithelial 
defect was present with an underlying 
stromal! infiltrate. There was diffuse stro- 
mal edema »eyond the infiltrate. Midstro- 
ma! infiltrates along the corneal nerves 
were also present. The anterior chamber 
had 1+ cells and flare. Findings from the 
externa! examination of the right eye were 
normal. Intzaocular pressures and fundus 
examinatior results were normal. 

The central epithelial ulceration was 
scraped and cultured for bacteria, fungi, 
and Acanthemoeba, In addition, some of 
the seraping was gently touched to and 
scraped ont a slide and immediately 
immersed in a 37% formaldehyde solution. 
Histopathol@iec examination with hema- 
toxylin-eosir staining demonstrated Acan- 
thamoeba traphozoites and cysts. The bac- 
terial, funga. and Acanthamoeba cultures 
were negativ=. 

The patier= was treated with a regimen 
of hourly tovical polymyxin B-neomycin- 
gramieidin, propamidine isethionate (0.1% 
every half heir), paromomycin sulfate (15 
mg/mL everr half hour), and scopolamine 
hydrobromid= (0.25% twice daily). During 
the emsuing three days, the infiltrate 
began to clear. On the third day, however, 
an epithelial ine was noted superotempo- 
rally. The ep-thelial line was gray, radial, 
and coarsely elevated, and it measured 
approximatel: 3 mm (Fig 6). The line was 
scraped, and histopathologic examination 
with hematozylin-eosin staining revealed 
trophozoites ¿nd eysts (Fig 7). Predniso- 
lone sodium phosphate (1% three times 
daily) was acded to her regimen. On the 
next day, the epithelial defect associated 
with the scrapmg began to heal slowly. 
However, anether faintly elevated line 
again presented in the same area. This was 
scraped, and aistopathologic examination 
demonstrated epithelial cells, macro- 
phages, polymerphonuclear leukocytes, 
and Acanthamoeba trophozoites. Oral 
sulindae (200 mg orally twice daily) was 
added that povided some relief of her 
ocular discom»sort. 

During the 2nsuing two weeks, no fur- 
ther epithelial lines were noted, and there 
was a decrease in the density of her stro- 
mal infiltrate. Her visual acuity improved 
from hand mctiens to 20/160 OS. At the 
end of August 1987, the patient returned 
and complained of more redness, tearing, 
and discomfomt. Her visual acuity had 
dropped to 20-350. Although the eye was 
more inflames, the stromal infiltrate 
appeared to be less dense. However, new 
coarsely elevated, radially oriented, corne- 
al epithelial lis were noted inferotempo- 
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rally. These limes were scraped, and once 
again, they contained Acanthamoeba tro- 
phozoites and cysts on examination. At 
this point, treatment with paromomycin 
and polymyxin B-neomycin-gramicidin 
was discontinued. Prednisolone sodium 
phosphate (twice daily), propamidine ise- 
thionate (0.1% four times daily), and sco- 
polamine hydrobromide (twice daily) were 
all continued. 

The patient returned the next week at 
which time she still complained of discom- 
fort. Elevated epithelial lines were again 
noted inferotemporally. Pseudodendrites 
that were not elevated and stained lightly 
were noted superiorly. These were differ- 
ent from the coarsely elevated nonbranch- 
ing epithelial lines. The stromal infiltrate 
had decreased in density, and no epithelial 
defect was present. Three areas were 
scraped on this visit, and they included the 
pseudodendrite, the elevated epithelial 
line, and an area of cornea where no defi- 
nite epithelial lines were noted. This third 
“uninvolved” area revealed Acanthamoeba 
trophozoites and cysts on histopathologic 
examination with hematoxylin-eosin 
staining. The other areas had insufficient 
material on the slide for diagnosis. 

At the follow-up visit one week later, the 
stromal infiltrates had decreased in densi- 
ty. Diffuse whorl of epithelium and some 
slightly elevated lines were noted both 
superiorly and mferiorly. There was no 
growth from these lines (which were not 
the typical cearsely elevated lines 
described earlier) using the impression 
cytology culture technique. These lines 
were not scraped and looked at directly 
with hematoxylin-eosin staining. 

Four months after the patient’s initial 
symptoms, she had continued to improve. 
Her visual acuity returned to 20/60 OS ona 
regimen of propamidine isethionate (0.1% 
drops four times daily) and dibromopro- 
pamidine isethionate (0.15% ointment at 
bedtime), as well as prednisolone sodium 
phosphate (1% onee daily). She has had no 
recurrence of coarsely elevated corneal epi- 
thelial lines. 


COMMENT 


Early Acanthamoeba keratitis is 
often difficult to diagnose and can be 
easily confused with other microbial 
processes that affect the cornea. In 
one series, the conditions of as many 
as 90% of patients who were found to 
have Acanthamoeba keratitis were 
initially diagnosed as herpes simplex 
virus infections of the cornea.” 

A variety of clinical findings associ- 
ated with Acanthamoeba keratitis 
have been described. References to the 
corneal epithelia! changes in Acantha- 
moeba keratitis have included recur- 
rent or persistent epithelial de- 
fects, superficial punctate kerati- 
tis?! scattered epithelial and 
subepithelial opacities,*’* epithelial 
infiltrates with a “stuck-on appear- 
ance,” patchy “epithelial irregu- 
larities,” “epithelial stippling,’’'® 
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“roughened epithelium,” an “epithe- 
lial dystrophy,”” and a “whorllike epi- 
thelial irregularity.”” Dendritiform 
patients have also been described by 
many authors.*”*"°8?0 One report 
described pseudedendritic figures 
within or just beneath the epithelium, 
with the epithelium that overlay the 
pseudodendrite as sometimes being 
elevated.” Recently, another report 
described epithelial microcysts along 
the contour of the lacrimal lake that 
was related to propamidine toxici- 
ty.2! 

To our knowledge, however, there 
have been no reports of coarsely ele- 
vated, nonbranching, corneal epitheli- 
al lines that have been proved to 
represent an actual aggregate of 
Acanthamoeba organisms. In the two 
cases in the present report, elevated 
epithelial lines developed in a clinical 
setting that was suspicious for Acan- 
thamoeba infection. Because of this 
suspicion, the lines were scraped and 
examined histopathologically to con- 
firm the diagnosis. These findings 
were further substantiated by impres- 
sion cytology cultures (which would 
only sample the epithelial layer of the 
cornea). 

It is important to note that the 
elevated epithelial lines that we 
describe could be clinically confused 
with other corneal epithelial changes, 
such as epithelial graft rejection or 
healing, heaped-up epithelium. In 
case 1, this line was similar to an 
epithelial rejection line because of its 
peripheral location, but two features 
distinguished the lines in our patients 
from epithelial rejection: (1) the line 
was coarser than epithelial rejection 
lines and (2) the appearance of the 
line on the first postoperative day was 
earlier than expected for rejection. 
True epithelial graft rejection usually 
occurs at a rate of 10%, with the time 
of presentation ranging from one to 13 
months after penetrating keratoplas- 
ty.” It should also be noted that the 
epithelial line in this case appeared 
before the addition of propamidine to 
the medical regimen. 

We examined the epithelial scrap- 
ings by quickly touching areas of a 
glass slide with the epithelium-laden 
spatula. Then, before allowing the 
slide to air dry, we immersed it in a 
37% formaldehyde solution. Air dry- 
ing can cause rupture of the trophozo- 
ites.. This quick direct method does 
not require calcofluor white (and thus 
a fluorescent microscope)* or the 
more prolonged, often less predictable 
method of culturing Acanthamoeba 
using nonnutrient agar with E coli 
overlay. Nevertheless, culture tech- 
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niques can be used to substantiate 
histopathologic findings. Most impor- 
tantly, as discussed in a recent 
review,” a high level of suspicion 
rather than the selection of any previ- 
ously described stain (none of which is 


clearly superior) is the key to diag- 


nose Acanthamoeba keratitis success- 
fully. 

In conclusion, early, prompt recog- 
nition of any microbial process that 
affects the cornea is important in 
instituting proper management. A 
coarsely elevated epithelial line 
should be considered as another sign 
of Acanthamoeba keratitis. We sug- 
gest direct scraping of these lines for 
the prompt confirmation of the diag- 
nosis. 


This project was supported in part by an 
unrestricted grant from Research to Prevent 
Blindness Inc New York. 

G. S. Visvesvara, PhD, Centers for Disease 
Control identified the isolates in this study as a 
mixed culture of Acanthamoeba castellani and 
Acanthamoeba polyphaga for patient 1. 
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Management of Traumatic Hyphema in Children 


An Analysis of 340 Cases 


Rist» J. Uusitale, MD; Leena Ranta-Kemppainen, MD; Ahti Tarkkanen, MD 


@ Three hundred forty children with 
nonperferating traumatic hyphema were 
examined to verify or refute the possible 
protective action of the antifibrinolytic 
agent, tranexamic acid, against rebleed- 
ing. in the retrospective study group, 219 
chilcren were treated with strict bed rest, 
binocular patching, and sedation but did 
not receive antifibrinolytic agents. In the 
prospective study group, 121 children 
recewed systemically administered tra- 
nexamic acid; some of these children 
were confined to bed rest (26 cases) and 
some were allowed free ambulation within 
their reoms (85 cases). In the children 
who were treated with bed rest but who 
did mot receive the antifibrinolytic agent, 
the frequency of secondary hemorrhage 
was 3.6%. Tramexamic acid reduced the 
incidence of secondary hemorrhage sig- 
nificantly: none of 26 eyes of patients 
who received systemically administered 
tranexamic acid and were confined to bed 
rest rebled, and only one (1.1%) of 95 
eyes of children who received tranexamic 
acid and were ailowed free ambulation in 
the hospital rebied. 

(Arch Ophtialmol 
1209) 


1988; 106: 1207- 


pp temmatic hyphema can be compli- 

cated by secondary hemorrhage,'* 
which may predispose patients to cor- 
neal blood staiming, elevated intraocu- 
lar pressure with subsequent optic 
atrophy, permbheral anterior syne- 
chiae formation, and decreased visual 
acuity. 

The goals forthe treatment of trau- 
matic hyphema have been to arrest 
the Bleeding, to promote hyphema 
absorption, to prevent or control glau- 
coma, and to prevent secondary 
hyphema with its associated compli- 
cations. Various therapeutic modali- 
ties, including patching, sedation, bed 
rest, and pharmacological agents, 
have been studied in a controlled fash- 
ion.”? None has proved to be superior 
to other treatments, and there seems 
to be ne general agreement as to the 
best method ef treatment. Recently 
there have been a number of encour- 


Accepted for publieation April 3, 1988. 

From the Department of Ophthalmology, Hel- 
sinki University Cemtral Hospital. 

Reprmt requests to Departmert of Ophthal- 
mology Helsinki University Central Hospital, 
Haartmanink 4C, 00290 Helsinki, Finland (Dr 
Uusitalo). 


Arch Gphthalmol—vVol 106, Sept 1988 


aging reports indicating that antifi- 
brinolytic agents (ie, tranexamic acid 
and aminocaproic acid) are useful in 
the prophylaxis of secondary hemor- 
rhage'*'*; based on these results, tran- 
examic acid has replaced bed rest in 
the treatment of pediatric hyphema 
at the Helsinki University Eye Hospi- 
tal since 1982. Before that time we 
treated children with hyphema with 
strict bed rest, binocular patching, 
and sedation. Subsequently the allow- 
ance of free ambulation within the 
hospital room for children with 
hyphema has been studied prospec- 
tively to verify or refute the proposed 
protective action of tranexamic acid 
against rebleeding. 


SUBJECTS AND METHODS 


The retrospective period of the study 
was from January 1975 to February 1982, 
and the children were treated by the same 
two ophthalmologists. From March 1982 to 
February 1987 the study was prospective, 
and the childrem were seen by the same 
ophthalmologist (R.J.U.) during the study. 
We developed a data sheet for each patient. 
The following information was reviewed 
for each patient: age, sex, hospitalization 
time, causes of traumatic hyphema, where 
and how contusion happened, admission 
visual acuity, signs of contusion, grade of 
hyphema, resorption time of hyphema, sec- 
ondary hemorrhages, surgical procedures 
required, discharge visual acuity, ocular 
lesions associated with hyphema, visual 
acuity two months after discharge, final 
visual acuity, topical medication, system- 
ically administered medication, and any 
miscellaneous information that seemed 
noteworthy to the reviewer. 


(hean + SD) 
% Male 


Hyphema grade, % 
Grade 1 


Grade 2 

Grade 3 

Grade 4 
Resorption time 


of hyphema, d 
(mean + SD) 


Complete medical history and physical 
and ocular examinations were carried out 
for each child at admission. Slit-lamp 
examination and applanation tonometry 
were performed daily. Follow-up visits up 
to six months later included examination 
for best corrected visual acuity, slit-lamp 
biomicroscopy, apptanation tonometry, 
indirect ophthalmoseopy, and gonioscopy. 
Whenever a complication (which markedly 
decreased visual acuity) was present and 
caused by ocular trauma, the children were 
followed up and examined at least twice a 
year. The extent of the hyphema was cate- 
gorized as follows: grade 1, small hyphema 
with blood occupying less than one third of 
the anterior chamber; grade 2, hyphema 
occupying one third to one half of the 
anterior chamber; grade 3, hyphemas of 
greater than one half to less than three 
fourths of the anterior chamber; and grade 
4, hyphemas greater than three fourths to 
total hyphemas (no visible elements poste- 
rior to cornea). A secondary hemorrhage 
was defined as a definitive increase in the 
amount of blood in the anterior chamber 
after admission. 

Patients were divided into three groups 
according to the study protocol. Group 1 
(retrospective) included children seen from 
January 1975 to February 1982. In all, 219 
children (182 boys and 37 girls) had been 
treated with strict bed rest for five days, 
binocular patching, amd sedation but were 
not given antifibrinolytic agents; some of 
these patients had been given topical ste- 
roids (0.1% dexamethasone every four 
hours for four days) and mydriatic 
agents. 

Group 2 (prospective) included children 
seen from March 1982 to February 1983. In 
all, 26 children (21 boys and five girls) were 
treated with systemically administered 
tranexamic acid, binocular patching, and 


Group 2 
(n = 26) 


10.8 + 2.6 


80.8 


57.6 
34.6 
3.9 
3.9 





No. (%) of 
rebleeding 
episodes 


21 (9.6) 





*Group 1 was treated with bed rest only; group 2, with tranexamic acid and bed rest; and group 3, with 
tranexamic acid and patients were free to ambulate in their hospital room. 
+The P value is derived from x? analysis between groups 1 and 3. NS indicates not significant. 
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Dadar ete A 
144 (65.8) 


20/20-20/40 
20/50-20/ 100 21 (9.6) 4 (15.4) 7 (7.4) 
20/200-20/400 10 (4.6) 4 (15.4) 7 (7.4) 
<20/400 21 (9.6) 0 (0) 8 (8.4) 
Central fixation (preverbal) 23 (10.5) 1 (3.8) 6 (6.3) a 

~~ 20/20-20/40 Sage 190 (86.8) 25 (96.2) 84 (88.4) 

20/50-20/ 100 6 (2.7) 0 (0) 4 (4.2) 
20/200-20/ 400 2 (0.9) 0 (0) 2 (2.1) 
<20/400 2 (0.9) 1 (3.8) 1 (1.1) 
Central fixation (preverbal) 19 (8.7) O (0) 4 (4.2) 

-20/20-20/40 = 200 (91.0) 25 (96.2) 90.0 (94.7) 
20/50-20/ 100 6 (2.7) 1 (3.8) 1.0 (1.1) 
20/200-20/400 0 (0) 0 (0) 3.0 (3.1) 
<20/400 2 (0.9) 0 (0) 0 (0) 


11 (5.0) 


| $ A -Table 3.—Group Comparisons of Lesions Associated With Traumatic Hyphema* 


LLB, 


Associated Lesion Group 1 Group 2 Group 3 
Corneal erosion 96 (43.8) 11 (42.3) 35 (36.8) 
Pupillary changes 116 (53.0) 17 (65.3) 51 (53.7) 
lridodialysis 14 (6.4) 1 (3.9) 6 (6.3) 
Increased IOP 17 (7.8) 1 (3.9) 5 (5.3) 
Traumatic cataract 12 (5.5) 1 (3.9) 6 (6.3) 
Retinal hemorrhage 10 (4.5) 1 (3.9) 6 (6.3) 
Central retinal edema 10 (4.5) 3 (11.5) 6 (6.3) 
Choroidal rupture 5 (2.3) 9 (34.6) 6 (6.3) 
None 36 (16.4) 4 (15.4) 8 (8.4) 









Group 2 










17 (65.4) 67 (70.5) 


















O (0) 1 (1.1) 








No. (%) of Patients 






















5 (5.3) <.05 
0 


2 (2.1) 





tThe P value is derived from x? analysis between groups 1 and 3. When comparing group 1 vs the combined 
results of groups 2 and 3, the statistically increased incidence of cataracts that led to lensectomies (seen when 


only groups 1 and 3 were compared) disappeared. 


strict bed rest for five days. 

Group 3 (prospective) included children 
seen from March 1983 to February 1987. In 
all, 95 children (78 boys and 17 girls) were 
given systemic tranexamic acid but were 
allowed free ambulation within their hos- 
pital room. Their eyes were patched only 
when necessary for treatment of corneal 
erosions. 

The children in the prospective study 
groups (groups 2 and 3) were given 25 
mg/kg of body weight of tranexamic acid 


three times a day for three to five days. 
Mydriatic agents and topical steroids were 
not used. Topical timolol maleate (0.25% 
timolol) was given if a rise in intraocular 
pressure (>30 mm Hg) occurred. Analgesic 
drugs, such as aspirin, that impair primary 
hemostasis were avoided. In some cases, 
diazepam propylene glycol (5 mg orally 
every six hours) was given as needed for 
anxiety. 

The age and sex distribution of the chil- 
dren in all three groups is shown in Table 


1208 Arch Ophthalmol—Vol 106, Sept 1988 


1. All children were under the age of 16 
years, and the youngest was 4 months 
old. 

Comparison between groups was carried 
out using the x? test. A probability of 
P < .05 was considered statistically signifi- 
cant. 


RESULTS 


Characteristics of traumatic hyphe- 
ma in the three groups are seen in Ta- 
ble 1. Of 219 eyes with traumatic hy- 
phema in group 1 (in which no tranex- 
amic acid had been administered), 21 
(9.6%) had secondary hemorrhage. 
None of 26 eyes receiving systemically 
administered tranexamic acid in 
group 2 rebled, and one (1.1%) of 95 
eyes treated with tranexamic acid in 
group 3 rebled. The difference in the 
incidence of secondary hemorrhage 
between groups 1 and 3, using x? 
analysis, is statistically significant 
(P <.01). 

Visual acuities on admission and 
discharge and final visual acuities 
between different groups were not 
significantly different (Table 2). It is 
evident that in 94.7% of cases with 
traumatic hyphema, final visual acu- 
ity was better than 20/40 when tran- 
examic acid was used. There were no 
statistically significant differences 
between the three groups in the type 
of trauma or in the size of initial 
hyphema (Table 1). 

Clotted blood was present in the 
anterior chamber for a mean of 4.7 
days in group 1, a mean of 5.5 days in 
group 2, and a mean of 4.9 days in 
group 3 (Table 1). Mean duration of 
hospitalization was 8.6 days in group 
1, 6.7 days in group 2, and 6.5 days in 
group 3. Neither difference between 
the two groups was statistically sig- 
nificant. Follow-up time in each of the 
groups was six months unless a com- 
plication was present (in 37 cases in 
group 1 the follow-up period was over 
two years; similarly, in 14 cases in 
group 2 and in 24 cases in group 8 it 
was over 1.5 years). 

Table 3 lists the lesions associated 
with traumatic hyphema in the differ- 
ent study groups, and amazingly simi- 
lar results were seen. In group 1, 
16.4% of children and in group 3, 8.4% 
of children showed no visible lesion 
other than the hemorrhage. The 
remaining children displayed a vari- 
ety of conditions as listed in Table 3. 

One of the more common complica- 
tions following nonperforating inju- 
ries is cataract, which occurred in 
5.0% of children in group 1 and in 
6.3% of children in group 3. Cataract 
was not always evident on the initial 
examination and in many cases 
appeared five to ten days after the 
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injury. A number of cataracts became 
stationary after varying periods, and 
many of these eyes maintained good 
vision despite lens opacity, which was 
_ seen in most of the cases in groups 1 
and 2. Im group 1 only three patients 
(1.4%) developed severe cataract that 
led to lensectomy (Table 4). In 
patients =reated with tranexamic acid 
in group 2 not a single lensectomy was 
performed. In contrast, five patients 
(5.3%) developed dense cataract in 
group 3. The difference in the inci- 
dence of dense cataracts (that led to 
lensectomies) between groups 1 vs the 
combinec results of groups 2 and 3, 
using a 7° test, was not statistically 
significart. All of the surgical proce- 
dures performed in all three groups 
are displayed in Table 4. 


COMMENT 


Our stady demonstrates the effec- 
tiveness of tranexamic acid in reduc- 
ing the incidence of secondary hemor- 
rhage in the pediatric age group. The 
aim of the treatment with antifibrino- 
lytic agents, such as tranexamic acid, 
is to delay the dissolution of the clot 
and allow the proliferating cells to 
complete:y seal the gap in the trauma- 
tized vessels. Based on the statistical- 
ly significant reduction (P <.01) in 
the incicence of rebleeding of trau- 
matie hyphemas in our children 
treated with tranexamic acid, we 
believe that tramexamic acid prevents 
secondary hemorrhage. This is in 
agreement with several other re- 
ports. !™!-5.16 

In the patients with traumatic 
hypheme who were treated with bed 
rest but who did not receive antifi- 
brinolytic agents, the frequency of 
secondary hemorrhage in the Scandi- 
navian countries has varied between 
24% amd 9% 25311217 Thé present 
study demonstrates it to be 9.6% in 
the-pedietric age group. A comparable 
pediatric study of 316 children by 
Agapitos et al* gave a rebleed rate of 
7.6%. The controls used in the present 
study were not concurrent, and any 
comparison between the prospective 
study group and retrospective con- 
trols is subject to erroneous interpre- 
tation. It is, hewever, noteworthy that 
during our five-year. prospective 
study, only ene rebleeding episode 
(0.8%) was seen of 121 traumatic 
hyphemes treated with tranexamic 
acid. 

A high dalumitage of atv trau- 
matie cetaraet that led to cataract 
surgery was seen in those children 
treated with tranexamic acid and 
allowed to freely ambulate in their 
hospital room. This conceivably could 
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be caused by the antifibrinolytic drug. 
It has been shown that antifibrinolyt- 
ic agents directly accumulate in aque- 
ous humor after systemic administra- 
tion.” They inhibit the activation of 
profibrinolysin to fibrinolysin, which 
is required for digestion of fibrin in 
traumatized blood vessels. Its inhibi- 
tion could maintain the integrity of 
the vessels and prevent rebleeding. 
Inhibition of fibrinolysin, however, 
means an inhibition of an important 
biological mechanism that may have 
had an unknown effect on the lens. 
However, when comparing children in 
both tranexamic acid-treated groups 
(groups 2 and 3) with those not given 
tranexamic acid (group 1), the statis- 
tically increased incidence of cata- 
racts (seen when only groups 1 and 3 
were compared) disappeared. Finally, 
our data indicate that neither degree 
of hyphema nor delay in the dissolu- 
tion of clot could predict the likeli- 
hood of cataract. 

Our experience with the side effects 
of tranexamic acid is based on the 
five-year prospective study involving 
children. No patient complained of 
nausea, vomiting, diarrhea, or abdom- 
inal cramps—the side effects charac- 
teristic of «-aminocaproic acid admin- 
istration.!* Ne patient had to discon- 
tinue drug treatment, which is known 
to be contraindicated in patients pre- 
disposed to clotting disorders and in 
pregnancy and renal insufficiency. 

These studies provide ample evi- 
dence to support the use of the antifi- 
brinolytic agent, tranexamic acid, in 
traumatic hyphema. We believe that 
treatment with antifibrinolytic agents 
is useful in the prophylaxis of second- 
ary hemorrhage and should be used in 
both pediatric and adult age groups as 
an essential part of the management 
of traumatic hyphemas. Considering 
the complicatiens associated with sec- 
ondary hemorrhage, eg, optic atrophy, 
glaucoma, and corneal blood. stain- 
ing,’ treatment that significantly 
decreases the rate of secondary hem- 
orrhage is clearly indicated. The rea- 
son for the lack of acceptance of antif- 
ibrinolytic agents for such treatment 
may be the reluctance to use systemi- 
cally administered medication with 
additional side effects. It is known 
that aminocaproic acid (an antifibri- 
nolytic drug that has properties simi- 
lar to those of tranexamic acid) can 
cause nausea. vomiting, systemic 
hypotension, rash, thromboembolic 
events, and preblems in patients with 
renal insufficiency. In published arti- 
cles very few side effects have been 
reported when tranexamic acid has 
been used, and none occurred in the 
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present study. One possible way to 
circumvent problems of systemic side 
effects would be to apply antifibrino- 
lytic agents topically. Topical applica- 
tion should markedly decrease sys- 
temic distribution and should allow 
the ophthalmologist to deliver the 
drug in a more localized manner. 


We thank Liisa Mannerla for technical assis- 
tance. 
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Clinical Evaluation of the 


Cavitron Biotronics Tonometer 


Kevin Miller, MD; George E. Sanborn, MD; Linda W. Jennings, PhD 


@ The Mackay-Marg tonometer has 
been shown to be an accurate tonometer 
for the measurement of intraocular pres- 
sure in eyes with both normal and dis- 
eased corneas. This tonometer is no 
longer manufactured and has been 
replaced by the Cavitron  Biotronics 
tonometer that works on the same princi- 
ple but utilizes a different recording dis- 
play. The Cavitron Biotronics tonometer’s 
accuracy was compared with that of the 
Goldmann applanation tonometer in 75 
eyes. The Cavitron Biotronics tonometer 
is not as accurate as the original Mackay- 
Marg tonometer for individual readings 
because of wide variations between read- 
ings. However, if four readings are taken, 
the value of the Cavitron Biotronics 
tonometer that correlated best with Gold- 
mann applanation tonometry was the one 
reading of the four with the highest value. 
Using this one value, the Cavitron Biotron- 
ics instrument underestimates the true 
intraocular pressure below 27 mm Hg and 
overestimates it above this value. 

(Arch Ophthalmol 1988;106:1210- 
1213) 


pine Mackay-Marg electronic tonom- 
eter is an electronic applanation 
tonometer that was introduced in 
1959. Numerous studies have shown 
it to be extremely accurate and reli- 
able on normal,“ scarred,’ and 
edematous” corneas. However, in 1979 
the machine was changed so that the 
operator did not have to interpret the 
intraocular pressure from a tracing 
on chart paper but instead could read 
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the intraocular pressure from a digi- 
tal display that was stored and 
printed out on a thermal printer. We 
performed this study to compare the 
accuracy of the replacement (after 
1979) instrument with that of the 
Goldmann tonometer. 


PATIENTS AND METHODS 


A model 17S Ultra Applanation Tonome- 
ter/Ultrasphyg (Biotronics, Cavitron, Red- 
ding, Calif) was used for this study. In this 
article, this instrument is referred to as 
the Cavitron Biotronics tonometer. The 
machine used for the study was returned to 
the manufacturer for factory calibration 
after a pilot study that took place before 
the study reported herein. After this cali- 
bration, the instrument was placed in one 
examination lane and used only for this 
study by a single observer (K.M.). 

The accuracy of the Cavitron Biotronics 
tonometer was compared with that of the 
Goldmann applanation tonometer. The 
Goldmann applanation tonemeter was 
mounted on a slit lamp (Haag-Streit 900, 
Bern, Switzerland) and calibrated fre- 
quently. All measurements were taken on 
the same Goldmann tonometer by the 
same observer. 

Seventy-five eyes of 39 patients from the 
population attending a large general clinic 
were studied. Patients who had evidence of 
corneal disease, including stromal corneal 
edema, corneal irregularity, or corneal 
scarring, were excluded. Patients also were 
excluded if they had problems with holding 
their lids open, had excessive blinking, or if 
they experienced any other problems that 
might have produced a less than ideal 
measurement. The study patients were not 
truly unselected; patients known to have 
elevated intraocular pressures were solic- 
ited so that the study would not be con- 
ducted solely on patients with intraocular 
pressures in the normal range. Of the 75 
eyes studied, there were 32 with intraocu- 
lar pressures between 0 and 20 mm Hg, as 
measured by Goldmann _ applanation 
tonometry; 24 between 21 and 30 mm Hg; 
13 between 31 and 40 mm Hg; and six over 
41 mm Hg. 

All measurements were done using the 
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method recommended by the tonometer 
manufacturer with the patient seated. A 
topical anesthetic was instilled in each eye. 
The right eye was measured before the left. 
The Goldmann tonometer measurement 
was taken first. Only one value for the 
Goldmann applanation tonometry was 
taken. The Cavitron Biotronics tonometer 
measurements were then taken. The 
observer was not masked for the Gold- 
mann tonometry measurements. He re- 
corded the value obtained for each eye 
after it was taken. However, he was 
masked for the Cavitron Biotronics tonom- 
etry measurements. Four measurements 
were taken of each eye, with the exception 
of 12 patients in whom eight values were 
taken of each eye. 

The statistical evaluation of the data was 
performed by a biostatistician (L.W.J.). 


RESULTS 


The original analysis of the data 
concerned the results for the right eye 
and the left eye separately, as well as 
both eyes combined, with no distinc- 
tion between eyes. Because the results 
for left and right eyes were not signif- 
icantly different, only the results of 
data analysis from all eyes will be 
presented. 

For the four values obtained with 
the Cavitron Biotronics tonometer on 
each eye, there was a mean range of 
8.4 mm Hg and an SD of 5.5 mm Hg. 
There was a range of 3 mm Hg or 
more between measurements in 90.5% 
of the eyes, a range of 6 mm Hg or 
more in 51.4% of the eyes, and a range 
of 10 mm Hg in more than 28.4% of 
the eyes. In three eyes, there was a 
range of 20 mm Hg or more; one of 
these eyes had a difference of 27 mm 
Hg between two measurements. Fig- 
ure 1 is a bar chart showing the 
percentage of ranges for left and right 
eyes. It shows that the distribution of 
ranges is approximately the same for 
right and left eyes. 

Because of this wide range of values 
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for a given eye, an attempt was made 
to determine if there was a summary 
measure of the Cavitron Biotronics 
values that might give the best indica- 
tion ef the true intraocular pressure 
as measured by Goldmann applana- 
tion tonometry. 

The results of four different Cavi- 
tron Biotrenics measurements (the 
average of ‘our values, the maximum 
of four values, the minimum of four 
values, and the value determined by 
using the Cavitron algorithm for 
interpretation of measured data [Ta- 
ble 1]) were analyzed and compared 
with Goldmann applanation tonome- 
try values using the paired ¢ test. 
Table 2 indicates this comparison and 
shows that the maximum of the four 
Cavitron Hiotronics readings yields 
the smallest average difference (0.27 
mm Hg) frem the Goldmann reading. 
There were only 71 eyes in the group 
of interpreted Cavitron Biotronics 
values, because in four eyes it was not 
possible to determine an interpreted 
value usingfour readings according to 
the manufacturer’s algorithm (Ta- 
ble 1). 

An analysis was then performed to 
determine whether eight measure- 
ments would improve the accuracy of 
the Cavitron Bietronics tonometer in 
a subgroup of E patients. For com- 
parisen with the whole group, results 
are given in Table 3 for the first four 
readings as well as for eight readings. 
Using eight readings does not improve 
the accuracy over only four readings, 
except in tae case of the interpreted 
Cavitron Biotronics value. However, 
here there were only 23 (instead of 24) 
eyes measured, because for one eye it 
was not possible to determine an 
interpreted Cavitron Biotronics value 
according te the manufacturer’s algo- 
rithm (Tabie 1) for either four values 
or eight values. 

Regression analyses were per- 
formed using functions of the Cavi- 
tron Biotronics readings to predict the 
Goldmann applanation tonometry 
readings. Results for the average, the 
maximum, the minimum, and the 
interpretation of the four Cavitron 
Biotrenics readings are summarized 
in Table 4. Using the maximum of 
four measurements, a correlation of 
.86 between Cavitron Biotronics and 
Goldmann readings was obtained. The 
regression equation is as follows: 
Goldmann value = 1.11 (maximum 
Biotronics value) — 2.96. It is plotted 
with the data in Fig 2. 


COMMENT 


The original Mackay-Marg tonome- 
ter was an extremely accurate and 
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Range of Four Cavitron Biotronics Readings 


Fig 1.—Bar chart showing percentage of patients with given range of intraocular pressure values 
using Cavitron Bictronics tonometer. 


Table 1.—Data Interpretation According to Cavitron Biotronics Factory Mant al '4 





1. 25 mm Hg is the referral point 
2. For readings <23 mm Hg 
(a) take 4 readings within 3 mm Hg; actual reading is the average of the 4, if 4 close readings 
do not occur 
(b) take top 3 readings within 3 mm Hg; actual reading is the average of the 3, if 3 close 
readings do not occur 
(c) take top 2 readings within 1 mm Hg; actual reading is the average of the 2, if 2 close 
readings do not occur 
(d) repeat tonometry 
3. For readings >23 mm Hg 
(a) take 4 readings within 2 mm Hg; actual reading is the average of the 4, if 4 close readings 
do not occur 
(b) take top 3 readings within 2 mm Hg; actual reading is average of the 3, if 3 close readings 
do not occur 
(c) take top 2 readings within 1 mm Hg; actual reading is the average of the 2, if 2 close 
readings do not occur 
(d) repeat tonometry 














Table 2.—Comparison of Cavitron Biotronics Tonometry vs Goldmann / 





Tonometry 
No. 
Measurement of Eyes Mean (SE), mm Hg t P 
Average Biotronies — 
Goldmann value 75 —3.79 (0.76) —5.02 .0001 


Maximum Biotronics — 
Goldmann value 7 0.27 (0.60) 0.45 .6529 


5 
Minimum Biotronics — 
Goldmann value 75 —8.24 (0.99) —8.32 .0001 
Interpreted Biotronics — 
Goldmann value 71 2.43 (0.73) 3.33 .0014 
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: Table 3.—Comparison of the Effect 
and Goldmann Applanation Tonometry Values 


: f the Number of Measurements of the Difference Between Cavitron Biotronics 


Measurement Mean (SE), mm Hg t P 


Using 4 Biotronics Measurements 


Average Biotronics — Goldmann value —4.67 (1.43) 


—3.38 .0033 


24 
Maximum Biotronics — Goldmann value 24 —0.31 (1.03) —0.30 .7680 


Minimum Biotronics — Goldmann value 24 —9.93 (2.11) 


—4.70 .0001 


Interpreted Biotronics — Goldmann value 23 3.23 (1.41) 2.30 .0316 


Using 8 Biotronics Measurements 
Average Biotronics — Goldmann value 24 —4.73 (1.33) 
24 


—3.55 .0017 


Maximum Biotronics — Goldmann value 0.92 (0.84) 1.09 .2873 


Minimum Biotronics — Goldmann value — 14.08 (2.49) 


—5.66 .0001 





24 
Interpreted Biotronics — Goldmann value 23 0.87 (1.02) 0.85 .4065 






ons to Predict Goldmann Value From Function of 
Biotronics Measurements 


Regression Equation R? 
.59 


Goldmann = 1.14 (average Biotronics value) + 0.93 * 
Goldmann = 1.11 (maximum Biotronics value) — 2.96 * .74 
Goldmann = 0.84 (minimum Biotronics value) + 10.92” 
Goldmann = 0.91 (interpreted Biotronics value) + 4.32ł 


- Table 4.—Summary of Regressi 





Cavitron 











* For 75 eyes. 
tFor 71 eyes. 
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Maximum Biotronics Tonometry, mm Hg 


Fig 2.—Plot of highest intraocular pressure measured by Cavitron Biotronics tonometer vs value 
obtained by Goldmann applanation tonometer. Solid line indicates where points would be for 
perfect match; dotted line, regression line that best predicts Goldmann value using maximum 
Cavitron Biotronics value. 
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sensitive instrument*" that could be 
used on not only normal corneas but 
also those with corneal edema” and 
scarring.'’? However, it did require 
interpretation of the intraocular pres- 
sure from the initial trough height on 
the graph that the machine produced. 
Several measurements were some- 
times needed before a technically 
excellent tracing was obtained. 

In 1979, the original machine was 
discontinued and a new model intro- 
duced. This new model, the Cavitron 
Biotronics tonometer, determines the 
intraocular pressure, displays the 
measurements digitally, and stores 
this number internally where it can be 
retrieved on a nonimpact thermal 
printer. The machine produces an 
audible “beep” to indicate to the oper- 
ator that the conditions for a satisfac- 
tory measurement have been met and 
that the measurement is stored. The 
display indicates the intraocular pres- 
sure to 0.1 mm Hg. The factory manu- 
al that accompanies the machine does 
not indicate how this value is deter- 
mined but states only that the signal 
is tested “with respect to built-in 
algorithms for minimum parame- 
ters.””4 

The factory manual accompanying 
this instrument provides a guide to 
data interpretation (Table 1).'* How- 
ever, it gives no information as to how 
this particular method of data inter- 
pretation was determined. The major 
problem with the data interpretation 
table is that it requires subjective 
decisions about the data interpreta- 
tion and it is often unclear how partic- 
ular data should be handled. The 
assumption seems to be that four 
readings for each eye are to be 
obtained. Then, if it is not possible to 
determine a pressure based on the 
guidelines presented, four additional 
measurements are to be taken. For 
three of our patients it was not possi- 
ble to arrive at an interpreted intra- 
ocular pressure when only four read- 
ings were taken. However, for one eye 
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(of 24) it was not possible to arrive at 
an interpreted intraocular pressure 
even when eight values were obtained. 
In addition, the manufacturer does 
not define “referral point” (Table 1). 


` Twenty-three millimeters of mercury 


is used in the table to make decisions 
about the data interpretation. Howev- 
er, it is not specified whether this 
refers to the first value taken or the 
average of four values, or is deter- 
mined in some other way (Table 1). 
Based on these data, the best esti- 
mate of the true intraocular pressure 
should be calculated from the maxi- 
mum Cavitron Biotroniecs tonometer 
value of four obtained. Using the 
regression equation (Fig 1), the Gold- 
mann applanation tonometry value 
equals 1.11 times the maximum Cavi- 
tron Biotronies tonometry reading 
minus 2.96. Im Fig 2, the regression 
line is displayed along with a line 
indicating perfect agreement between 
the Cavitren Biotronics and Gold- 
mann readings. The two lines cross at 
27 mm Hg. Below 27 mm Hg, the 
Cavitron Biotronics tonometer value 
underestimates the true intraocular 
pressure; over 27 mm Hg, the value is 
overestimated. If the value obtained is 
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4. Moses RA: The Mackay-Marg tonometer: A 
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tonometers. Ophthalmology 1962;66:88-95. 

5. Meses RA, Marg E, Oechsli R: Evaluation of 
the basic validity amd clinical usefulness of the 
Mackay-Marg tenometer. Invest Ophthalmol Vis 
Sci 1962;1:78-85. 
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between 22 and 31 mm Hg, it is within 
0.5 mm Hg of the true intraocular 
pressure. 

With one exception, our data show 
that obtaining eight readings instead 
of four does not improve the accuracy 
of measuring the intraocular pressure 
with the Cavitron Biotronics tonome- 
ter (Table 3). The one exception is the 
interpreted intraocular pressure 
where using eight values did improve 
the accuracy compared with taking 
only four values (Table 3). However, 
even when using eight measurements, 
the interpreted Cavitron Biotronics 
intraocular pressure is not better 
than using the maximum of four Cav- 
itron Biotronies values (Table 3). In 
addition, there was one eye whose 
intraocular pressure could not be 
interpreted even with eight Cavitron 
Biotronics measurements. 

To our knowledge, there has only 
been one published study evaluating 
the Cavitron Biotronics tonometer.’ 
Barron and Horn" tested several 
groups of eyes and reported that the 
correlation coefficients between the 
Cavitron Biotronics tonometer and 
the Goldmann applanation tonometer 
were lower than those found between 
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the Mackay-Marg tonometer and the 
Goldmann applanation tonometer. 
Barron and Horn" found that 33 eyes 
(of 150) classified as normal by Cavi- 
tron Biotronics tonometry were clas- 
sified as ocular hypertensive (>21 mm 
Hg) using Goldmann applanation 
tonometry. They felt that in many 
patients, the Cavitron Biotronics 
tonometer underestimated the value 
of the intraocular pressure and that 
no management decision should be 
based on one Cavitron Biotronics 
tonometry value alone.’ The Cavitron 
Biotronics tonometer appears to be an 
accurate machine for the measure- 
ment of intraocular pressure when 
taking the highest value of four read- 
ings obtained. However, single read- 
ings with this machine are not reli- 
able. Increasing the number of mea- 
surements to eight does not improve 
the accuracy of the readings com- 
pared with four. 
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The Tono-Pen 


A Manometric and Clinical Study 


William A. Boothe, MD; David A. Lee, MD; William C. Panek, MD; Thomas H. Pettit, MD 


@ A new miniaturized, digital, electron- 
ic tonometer, the Tono-Pen (Intermedics, 
Pasadena, Calif), was evaluated for accu- 
racy and reproducibility of results in the 
laboratory using enucleated human eyes 
with an indwelling pressure transducer 
(manometric study) and clinically using 
100 eyes in 50 patients with normal cor- 
neas. Reproducibility was good in both 
the manometric study (SD = 1.09) and in 
the clinical study (SD = 1.21). Reproduci- 
bility of results was similar to that of the 
MacKay-Marg tonometer and the pneumo- 
tonometer in the manometric study, but 
less than that of the Goldmann applana- 
tion tonometer and the pneumotonometer 
in the clinical study. In the manometric 
study, the Tono-Pen had less mean error 
at high pressure ranges than either the 
MacKay-Marg tonometer or the pneumo- 
tonometer. In the clinical study, no statis- 
tically significant difference was found 
between the Tono-Pen and the applana- 
tion tonometer at pressures of 10 to 35 
mm Hg (the extent of the data spread). In 
addition to being reliable and accurate, 
this miniaturized tonometer is portable 
and easy to use. 

(Arch Ophthalmol 
1217) 


1988; 106: 12 14- 


A new miniaturized digital elec- 
tronic tonometer called the Tono- 
Pen (Intermedics, Pasadena, Calif), 
which works on the same principle as 
the MacKay-Marg tonometer, was 
evaluated in both a laboratory and 
clinical study. The probe tip is a solid- 
state strain gauge that consists of a 
stationary annulus surrounding a 1.2- 
mm post that makes minute move- 
ments (a few micrometers) as it is 
applied to the cornea. 
The force exerted on the post is 
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transmitted as a voltage wave that is 
very similar in configuration to the 
waveform produced on the MacKay- 
Marg recorder. This voltage is ampli- 
fied and transmitted to a “single- 
chip” microprocessor where it is ana- 
lyzed for acceptability. The value of 
the voltage wave is stored if it has an 
adequate configuration. Four accept- 
able pressure waves are collected and 
a mean value is determined. This val- 
ue is digitized and shown on a liquid 
crystal readout. The nearest coeffi- 
cient of variation (the SD divided by 
the mean pressure and multiplied by 
100% ) is also shown on the readout. 
When readings greater than 30 mm 
Hg are detected, the sensitivity of the 
transducer is changed to accommo- 
date the higher pressure range. 

The Tono-Pen has many features 
that make it attractive: compactness 
and portability, easy calibration and 
usability, capacity for use on abnor- 
mal corneas, a digital readout that 
minimizes user bias, and disposable 
probe covers that prevent contamina- 
tion from patient to patient. 

The purpose of the present study 
was to determine the accuracy and 
reproducibility of tonometry using the 
Tono-Pen in enucleated human eyes 
and in nonglaucomatous and glauco- 
matous patients with normal cor- 
neas. 


MATERIALS AND METHODS 


In the manometric study, the Tono-Pen, 
the Alcon (Fort Worth, Tex) pneumoton- 
ometer, and the MacKay-Marg tonometer 
were calibrated and then compared for 
reproducibility of results and accuracy 
against an intraocular pressure transducer 
in two enucleated human eyes (Fig 1). The 
irregular corneal epithelium of the autopsy 
eyes distorted the mires on the Goldmann 
applanation tonometer and prevented its 
proper calibration in this system. Each eye 
was mounted on a mannequin head and a 
23-gauge butterfly needle was inserted into 
the anterior chamber at the limbus. The 
needle was suspended so that it did not 
impinge on or distort any of the anterior 
chamber structures. This needle was con- 
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nected to a Statham (P 23 DC, Hato Rey, 
Puerto Rico) pressure transducer in a 
closed system. A continuous readout of the 
intraocular pressure measured by the 
transducer was recorded by a Grass Model 
TB Polygraph (Grass Instrument Co, Quin- 
cy, Mass). The pressure transducer-poly- 
graph combination was calibrated with a 
mercury manometer (Baumanometer, W. 
A. Baum Co, New York). The intraocular 
pressure in the enucleated eye was con- 
trolled by injecting balanced salt solution 
into the vitreous cavity through another 
23-gauge needle inserted through the optic 
nerve at the same rate that fluid leaked out 
around the needle in the optic nerve. The 
pressure in the eye was held constant 
during all measurements by this tech- 
nique. Transducer pressures were varied at 
10-mm Hg increments from 0 to 70 mm 
Hg. At each increment, five measurements 
were taken with each of the three tonome- 
ters. 

In the clinical study, 50 patients (100 
eyes) with normal corneas and pressures 
ranging from 10 to 35 mm Hg underwent 
measurement in each eye with three cali- 
brated tonometers: the Goldmann appla- 
nation tonometer (the control), the Tono- 
Pen, and the Alcon pneumotonometer. In 
all right eyes, the order of instrument use 
was applanation tonometer, Tono-Pen, and 
pneumotonometer. In all left eyes, the 
order was reversed. Five consecutive mea- 
surements were taken with each instru- 
ment in each eye. All measurements were 
taken by the same observer in succession 
without hesitation. Benoxinate hydrochlo- 
ride-fluorescein sodium (Fluress, Barnes- 
Hind Ine, Sunnyvale, Calif) was used for 
topical anesthesia for all measurements 
since it provided good anesthesia as well as 
the appropriate concentration of fluoresce- 
in for applanation measurements. 

Statistical comparisons of tonometer 
errors in the manometric study were made 
by analysis of variance, followed by 
Tukey’s method of multiple comparison. 
Regression analysis was used in the clini- 
cal study. The errors yielded by the Tono- 
Pen and the pneumotonometer were 
assessed by ¢ tests that compared pres- 
sures for these instruments (predicted 
from regression models) with applanation 
tonometer pressures. A P value less than 
.05 was considered statistically significant, 
with no correction (except Tukey’s test for 
the analysis of variance) made for repeated 
statistical tests. 
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RESULTS 


The correlation of the tonometers 
with the transducer in the manomet- 
ric setting (Table 1) and with applana- 
tion in the clinical setting was high 
> (Figs 2 and 3). 

The Tone-Pen exhibited good repro- 
ducibility of results in both the mano- 
metric study (SD = 1.09) (Table 2) and 
the clinical study (SD = 1.21) (Table 
3). These reproducibilities were com- 
parable with those of the MacKay- 
Marg tonometer and the pneumoton- 
ometer in the manometric study (Ta- 
ble 2), but significantly less 
(P = .0001) than the reproducibilities 
of results with the pneumotonometer 
and applanatiom tonometer in the 
clinical study (Table 3). 

The error of the tonometers was 
defined as the difference from the 
transducer pressure in the manomet- 
ric study and the difference from 
resuks of Goldmann applanation 
tonometry in the clinical study. In 
both the manometric study (Fig 4) 
and the clinical study (Figs 2 and 3), 
the tonometers tended to measure 
higher values than the control at the 
low pressures and lower values than 
the control at the high pressures. The 
intersect paint with the eontrol was 
close to 20 mm Fg in each case (Figs 4 
through 6). 

In the manometric study, with the 
mannequin in the supine position (the 
plane of the iris horizontal) the Tono- 
Pen had significantly less error 
(P < 05) than the pneumotonometer 
at pressures of 60 mm Hg and greater 





Fig 1.—Manometric experimental setup. 


Mean IOP by Tono-Pen, mm Hg 
Mean IOP by Pneumotonometer, mm Hg 


20 25 30 35 40 10 15 20 25 30 35 40 


Mean IOP by Applanation, mm Hg Mean IOP by Applanation, mm Hg 





-< Fig 2.—Clinical correlation between mean intraocular pressure (IOP) Fig 3.—Clinical correlation between mean intraocular pressure (IOP) 
by Tone-Pen and applanation tonometer. A indicates one pressure by pneumotonometer and applanation tonometer. A indicates one 
measurement; B, two measurements at same point; and C, three pressure measurement; B, two measurements at same point; and C, 
measurements at same point. r= .98. three measurements at same point. r = .92. 
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"Table 2. —Reproducibility of Tonometers 
| in Manometric Study 


SD, mm Hg* 
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* Averaged over transducer pressure settings. 
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Table 3.—Reproducibility of Tonometers 
in Clinical Study 


Average SD, 
Tonometer mm Hg 


Applanation 0.70 
Tono-Pen 1.21 


Pneumotonometer 0.84 Fig 4.—Mean errors of tonometers compared with transducer in manometric study. 





IOP by Tono-Pen, mm Hg 


P = A (Theoretical) 
——— T =A (Theoretical) 


IOP by Pneumotonometer, mm Hg 


= 0.71A + 5.78 (Real 
T = 0.95A + 0.97 (Real) eh ee 


30 40 50 60 20 30 40 50 60 


IOP by Applanation, mm Hg IOP by Applanation, mm Hg 





Fig 5.—Regression lines and formulas clinically comparing Tono-Pen Fig 6.—Regression lines and formulas clinically comparing pneumoton- 


and applanation tonometer. Broken line indicates ideal situation in ometer and applanation tonometer. Broken line indicates ideal situation 
which both measurements are the same; = line, intraocular pressure in which both measurements are the same; solid line, intraocular 
(IOP) Tono-Pen actually measured. pressure (IOP) pneumotonometer actually measured. 
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(Fig 4). The MacKay-Marg tonometer 
was not tested in this position. 

W th the mannequin in the upright 
position (plane of the iris vertical), 
there was no significant difference 
between the Teno-Pen, the pneumo- 
tonometer, and MacKay-Marg tonom- 
eter at intraocular pressures of 10 and 
20 mm He (Fig 4). At 30 and 40 mm 
Hg doth the pneumotonometer and 
the Tono-Pen had significantly less 
error than the MacKay-Marg tonome- 
ter. At pressures of 50 mm Hg and 
greater the Tono-Pen had significant- 
ly less errer than the pneumotonom- 
eter. The MackKay-Marg tonometer 
used in this study was not set up to 
measure pressures over 50 mm Hg. 

In the manometric study (enucle- 
ated eyes), the Tono-Pen showed sig- 
nificantly greater accuraey with the 
mannequim in the upright position 
than with the mannequin in the 
supine peskion at pressures of 50 and 
60 mm Hg. 

The results of the clinical study and 
the manometric study are similar 
(Figs 4 through 5). The MacKay-Marg 
tenometer was not evaluated in the 
clinical study. The results obtained 
with Tono-Pen showed no significant 
differenee P>-.11) from those ob- 
tained with applanation tonometry at 
pressures of 10 to 35 mm Hg in the 
clinical study. This was the range of 
collected data, and statistical signifi- 
cance beyond tnese points was not 
determined. Intraocular pressure 
measurements with the pneumoton- 
ometer and applanation tonometer 
were statistically different (P < .05), 
except between pressures of 18 and 22 


mm Hg (Fig 69. 
The differences between the Tono- 
Pen, the pmeumotonometer, and 


applanation tonemetry in the clinical 
study (Figs 5 ane 6) are similar to the 
differences found between the Tono- 
Pen, the pneumotonometer, and the 
transducer in the manometric study 
(Fig 4). 

COMMENT 


In the manometric study a constant 
intraecular pressure was established 
at the various levels studied and tran- 
sient uetuations of intraocular pres- 
sure were elimmated. Uncontrolled 
variables in the in vitro manometric 
setup included the absence of a pre- 
corneal tear film, the absence of cor- 
neal epithelium, the absence of intra- 
ocular musele function, the presence 
of cornea! edema, and changes intro- 
duced by the use of two cannulas in an 
enucleated eye: 

Uneontrolled variables in the in 
vivo élinica! study include transient 
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fluctuations of intraocular pressure 
due to pulse, blood pressure, respira- 
tion, anxiety, and neurovascular influ- 
ences.’ In addition, repeated tonomet- 
ric measurements in the same patient 
can cause a drop in intraocular pres- 
sures.°* An attempt to control this 
variable was made by reversing the 
order of tonometer measurements 
between the right and left eyes in each 
subject. Also, the time between con- 
secutive pressure measurements was 
minimized to reduce the pressure-low- 
ering effect of the tonometers and 
random pressure fluctuations. A com- 
mercially available fluorescein solu- 
tion was used with Goldmann appla- 
nation since it has a constant 
optimum concentration of sodium flu- 
orescein for consistent accuracy.’ 
Finally, the fact that both the mano- 
metric and clinical studies yielded 
similar results implies that the 
uncontrolled variables inherent in 
each study did not greatly affect the 
results of either of them. 

All tonometers showed good repro- 
ducibility of results in both studies. 
The manometric study produced near- 
ly equal reproducibilities for each 
tonometer, a finding consistent with 
previous studies. The reproducibili- 
ties of both the Goldmann applana- 
tion tonometer and the pneumoton- 
ometer were statistically significantly 
better than the Tono-Pen in the clini- 
cal study, although all were clinically 
acceptable. This is most likely due to 
the fact that the Tono-Pen takes ran- 
dom instantaneous pressure measure- 
ments that may produce greater vari- 
ability in patients with wide ocular 
pulse pressures. With applanation 
tonometry, pulse pressure is averaged 
out by observing the oscillations 
around the end point. With the pneu- 
motonometer, a continuous printout 
of the pulse pressure is provided, and 
the observer reads the mean ampli- 
tude of the wave. 

The accuracy of the MacKay-Marg 
tonometer and the pneumotonometer 
in the manometric study was consis- 
tent with previous manometric stud- 
ies.'''? The Tono-Pen appears to have 
greater accuracy than the MacKay- 
Marg tonometer and the pneumoton- 
ometer in the manometric study and 
greater accuracy than the pneumoton- 
ometer in the clinical study. The accu- 
racy of the Tono-Pen used was practi- 
cally identical to the Goldmann appla- 
nation tonometer in the clinical study. 
This finding is consistent with that 
found by Minckler and associates." In 
both studies all of the tonometers had 
their greatest aecuracy in the vicinity 
of 20 mm Hg. 





Even though results with the Tono- 
Pen have been shown by the present 
study as well as by Minckler et al” to 
be both reproducible and accurate, 
one should keep in mind that these 
results were based on the perfor- 
mance of selected Tono-Pen instru- 
ments. The reproducibility of results 
between individual Tono-Pens was not 
studied. Since the instrument is inter- 
nally calibrated, unlike the other 
tonometers, it is more likely to be 
influenced by variables in manufac- 
turing. It is our recommendation that 
each instrument be tested against the 
Goldmann applanation tonometer by 
each physician before it is placed into 
service and be retested at regular 
intervals thereafter. This precaution 
will help to establish and continue to 
validate the accuracy and perfor- 
mance of the Tono-Pen in the hands of 
the user. 


This study was supported in part by the Amer- 
ican Philosophical Soriety, Los Angeles, the Elsie 
B. Ballantyne Fund, bos Angeles, the Kar! Kireh- 
gessner Foundation Fund, and the Lucille F. 
Simon Glaucoma Research Fund, Los Angeles. 

None of the authors of this article has any pro- 
prietary interest in the Tono-Pen tonometer. 

We thank Peter Christianson for his contribu- 
tions as statistician and Bob Smith for his valu- 
able help on the manometric portion of this 
study. 


References 


1. MacKay RS, Marg E, Oechsli R: Automatic 
tonometer with exact'theory and various biologi- 
cal applications. Science 1960;131:1668-1669. 

2. Mackay RS, Marg E Fast, automatic elec- 
tronic tonometers based om an exact theory. Acta 
Ophthalmol 1959;37:495-507. 

3. Mackay RS, Marg E, Oechsli R: Evaluation 
of the basic validity amd clinical usefulness of the 
Mackay-Marg tonometer. Invest Ophthalmol Vis 
Sci 1962;1:78-85. 

4. Quigley HA, Langham ME: Comparative 
intraocular pressure measurements with the 
pneumatonograph and Goldmann tonometer. Am 
J Ophthalmol 1975;80:2266-273. 

5. Moses RA, Liu CH: Repeated applanation 
tonometry. Am J OpPthalmol 1968;66:89-91. 

6. Stocker FW: Om changes in intraocular 
pressure after applicatiomof the ner ey Am 
J Ophthalmol 1958;45a1 92-196. 

7. Wilke K: Effects of repeated jonona 
Genuine and sham measurements. Acta Ophthal- 
mol 1972;50:574-581. 

8. Moses RA: Repeated applanation tonome- 
try. Am J Ophthalmoi 1968;66:89-91. 

9. Lamberts DW: Clinæal Ophthalmic Phar- 
macology. Boston, Little Brown & Co Inc, 1987, pp 
361-415. 

10. Jain MR, Marmion VJ: A clinical evalua- 
tion of the applanatien pmeumatonograph. Br J 
Ophthalmol 1976;60:107-110. 

11. Moses RA, Marg E, Dechsli R: Evaluation 
of the basic validity and clinical usefulness of the 
Mackay-Marg tonometer. /nvest Ophthalmol Vis 
Sci 1962;1:78-85. 

12. Moses RA, Grodzki WJ: The pneumatono- 
graph: A laboratory study. Arch Ophthalmol 
1979;97:547-552. 

13. Minckler DS, Baerveidt G, Hener DK, et al: 
Clinical evaluation of the Gculab Tono-Pen. Am J 
Ophthalmol 1987;104: 158-173. 


Tono-Pen—Boothe et al 1217 


Eo 
y 
p“ 


Terbutaline Stimulates Aqueous Humor Flow in 


Humans During Sleep 


N. Ziai Gharagozloo, MD; Rhondi S. Larson, MD; Laurie J. Kullerstrand; Richard F. Brubaker, MD 


@ A randomized, double-masked study 


of the effect of terbutaline sulfate, a- 


selective 6,-agonist, on the rate of aque- 
ous humor formation was performed in 
awake and sleeping normal human sub- 
jects. The rate of aqueous formation was 
measured by fluorophotometry. Both the 
drug- and placebo-treated eyes showed a 
statistically significant nocturnal reduc- 
tion of the flow rate (36% suppression in 
the terbutaline-treated eyes and 43% sup- 
pression in the placebo-treated eyes). 
Terbutaline had no effect on daytime 
aqueous flow rates, but stimulated flow 
by 15% during sleep. The drug had no 
significant effect on intraocular pressure. 
This study confirms past observations 
that -agonists exert their maximal 
effects during sleep, when endogenous 
adrenergic stimulation is at a minimum. 

(Arch Ophthalmol 1988;106:1218- 
1220) 


number of studies have shown 

that the flow rate of aqueous 
humor is reduced during sleep.'* It 
has been suggested that the nighttime 
suppression of flow in the eye is due to 
reduced levels of circulating epineph- 
rine and that an exogenous adrenergic 
agonist therefore should stimulate 
flow most effectively at night.’ Previ- 
ously, two adrenergic agonists (epi- 
nephrine hydrochloride and isoproter- 
enol hydrochloride) have been ob- 
served to increase aqueous flow dur- 
ing sleep.” 

Neither epinephrine nor isoprotere- 
nol is a selective 6-adrenergic agonist. 
Bausher et al, for example, have 
shown isoproterenol to have a biphas- 
ic dose-response curve in an in vitro 
system of ciliary epithelium in the 
rabbit with initial binding of drug to 
the 6,-adrenergic receptor and bind- 
ing at higher concentrations to the 
inhibitory a-adrenergic receptor. In 
the same system, terbutaline sulfate, 
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an adrenergic agonist with more £, 
selectivity than isoproterenol, also 
was demonstrated to have a biphasic 
dose-response curve. However, terbu- 
taline’s action at the a,-adrenergic 
receptor was observed only at very 
high concentrations that are unlikely 
to be attained in vivo. Because several 
investigators have shown the predom- 
inant 8-receptor subtype in the ciliary 
body of humans to be type 2,8 we 
conducted this study to see if terbuta- 
line would produce the same direc- 
tional response of aqueous flow in 
sleeping human subjects as epineph- 
rine and isoproterenol did. 


PATIENTS AND METHODS 


Nineteen normal volunteers (11 female, 
eight male) were studied over a 25-hour 
period. The mean (+SD) age of the group 
was 26 + 5 years. All subjects underwent 
an ocular examination, including visual 
acuity testing, slit-lamp examination, 
Goldmann applanation tonometry, and 
direct ophthalmoscopy, to ensure the 
absence of any ocular abnormality. All 
female volunteers were required to have a 
negative blood test for pregnancy before 
beginning the study. Informed consent was 
obtained from all subjects. 

Terbutaline (0.6%) ophthalmic solution 
and a placebo solution containing all com- 
ponents of the vehicle were used. One eye 
of each subject was randomly assigned to 
receive terbutaline. The fellow eye received 
placebo solution and served as a control. 
The study was conducted in a double- 
masked manner. After completion of the 
study and data analysis, the code was 
broken, and the drug-treated eye was com- 
pared with its fellow placebo-treated eye. 

Figure 1 summarizes the schedule for 
fluorophotometry, tonometry, and drop 
instillation for the study. At 2 AM on the 
first morning of the study, the subjects 
were instructed to instill 2% sodium fluo- 
rescein into both eyes and return to sleep. 
Six hours after the instillation of fluores- 
cein (8 AM), the subjects underwent fluoro- 
photometry, where the initial concentra- 
tion of fluorescein in the cornea and the 
anterior chamber of both eyes was mea- 
sured in a horizontal cross section using a 
scanning ocular fluorophotometer.’ Mea- 
surements were then repeated at hourly 
intervals for eight hours (until 4 Pm). 
Between measurements, the subjects were 
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permitted to continue with their normal 
daily activities but were asked to refrain 
from intake of caffeine or alcohol, strenu- 
ous exercise, and prolonged exposure to 
direct sunlight. A single drop of drug or 
placebo was instilled into each eye every 
three hours from 8 AM to 11 PM. 

After the 4 PM measurement, intraocular 
pressure was measured using the Gold- 
mann applanation tonometer. A total of 
three measurements were taken for each 
eye, beginning with the right eye and alter- 
nating between eyes. The intraocular pres- 
sure of each eye was reported as the arith- 
metic mean of the three measurements. 
Following tonometry, 2% fluorescein was 
instilled into both eyes in preparation for 
the nighttime portion of the study. 

The nighttime portion of the study 
began at 10 pm. After the first measure- 
ment of fluorescence, the subjects were 
provided with comfortable and safe sleep- 
ing quarters and were encouraged to sleep. 
The subjects were awakened for measure- 
ments at 11 PM and midnight. Their sleep 
was uninterrupted from midnight to 6 AM. 

The second day of the study began with 
fluorophotometry at 6 AM followed by drug 
or placebo instillation. Scanning continued 
every hour until 9 AM, at which time an eye 
examination and applanation tonometry 
were repeated. 

The rate of clearance of fluorescein from 
the combined cornea and anterior chamber 
was calculated for every temporally adja- 
cent pair of measurements of fluorescence 
for each eye. The method of calculating 
aqueous flow was as follows. Briefly, flow 
was calculated from the rate of disappear- 
ance of fluorescein from the combined cor- 
nea and anterior chamber relative to the 
concentration in the anterior chamber. 
Loss of fluorescein by diffusion was 
assumed to be equivalent to 0.25 „L/min 
and was subtracted from all calculated 
rates of fluorescein clearance. Loss of fluo- 
rescein across the epithelium of the cornea 
was assumed to be negligible. Flow was 
calculated by the following equation: 


Flow = 
[C.(2)- V.—C.(1)- V.J+[C,(2)-V.—C,(1)- V.] 
C,-[t(2) — t(1)] 
— 0.25 wL/min 


where C, is calculated for the interval on 
the assumption that the loss of fluorescein 
from the anterior chamber is a first-order 
process (Č, = C[2] — C[1]/In [C(2)/C(1))). 


Morning (8 AM to noon) and afternoon 
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(noon to4 P11) flow rates were calculated as 
the mean œŒ four hourly rates. Daytime 
flow ‘8 AM w 4 PM) was calculated as the 
mean of eignt hourly rates, and nighttime 
flow (midnight to 6 AM) was calculated as a 


a single rate -ver six hours. 


Połarizaton of fluorescence in the ante- 
rior chamb r was measured immediately 
before and our hours after the first drug 
instillation 8 AM on day 1) and before drug 
instillation at 6 æM on day 2. 

The data set was analyzed using a Stu- 
dent ¢ test fr paired samples. The conser- 
vative Bonferronbcorrection was applied to 
adjust for the multiple simultaneous cor- 
rections. P < .05 was considered statisti- 
cally signifi ant. 


RESULTS 


Diurnal variations in aqueous flow 
rates weresobserved in both the terbu- 
taline-treaced and the placebo-treated 
eyes (Fig =). As Table 1 indicates, the 
difference between the mean (+SD) 
daytime fow rate (2.52 + 0.40 uL/ 
min) and mean flow during sleep 
(161 +05 wL/min) in the drug- 
treated ey=s was statistically signifi- 
canta P < _)04) and represented a 36% 
reduction -n flew during sleep. The 
daytime flew rate for placebo-treated 
eyes was 2.45 + 0.44 ywL/min com- 
pared witk a flow of 1.40 + 0.34 uL/ 
min durirg sleep. This difference 
was also s-atistically significant (P < 
.004) and r=presented a 43% reduction 
in flow rate during sleep. The dif- 
ference between morning (8 AM to 
noon) and afternoon (noon to 4 PM) 
flows was aot statistically significant 
for either tne drug- or placebo-treated 
eyes. 

To determine the effect of 6-stimu- 
lation on aqueeus flow rates during 
the day-nicht cycle, the mean daytime 
flows in the _ terbutaline-treated 
(2.52 + 0.49 pwL/min) and placebo- 
treated (£45 + 0.44 ywL/min) eyes 
were compared (Table 1); this differ- 
ence was rot statistically significant 
(P >1.2). The difference between the 
mean flow rate during sleep for the 
drug-treated (1.61 + 0.35 juL/min) 
and placebo-treated (1.40 + 0.34 uL/ 
min) eyes was statistically significant 
(P <.04)aad reflected a 15% increase 
in flew meuced by terbutaline. The 
difference between flow rates in 
the terbutaline-treated and placebo- 
treated eys was not statistically sig- 
nificant wl=n either morning (8 AM to 
noon? or =fternoon (noon to 4 PM) 
flows were compared. Finally, the 
total aqueeus fiow produced in each 
eye from tae beginning to the end of 
the study was calculated. Overall 
aqueeus production over the 25 hours 
in the ‘terbutaline-treated eyes 
(41.27 + 6.-9 uL) was higher than 
that of che placebo-treated eyes 
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Fig 1.—Schedule for fluorophotometry, drug administration, topical fluorescein instillation, and 
applanation tonometry. 
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Fig 2.—Mean hourly aqueous flow in terbutaline-treated and placebo-treated eyes in 19 
subjects. Vertical bars indicate SD. 


Table 1.—Aqueous Flow: Diurnal Variation and Effect of #-Stimulation in 
Terbutaline-Treated and Placebo-Treated Eyes 


Aqueous Flow, uL/min (Mean + SB) 
ť[Á— m 
Morning, Afternoon, Day, Night. 
Noon-4 pm 8 am-4 pm = Midnight-S am P p* 
1.6t + 35 <.001 <.004 


1.40 + @34 <.001 <.004 


8 am-Noon 
Terbutaline 2.55 + 0.55 2.48 + 0.38 .544 2.176 2.52 + 0.40 


Placebo 2.53 £ 0.67 2.36 + 0:39 .053 212 2.45 + 0.44 


>1.176 


* P value adjusted for multiple comparisons by the conservative Bonferroni eorreetion. 
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*No Statistically significant differences in intraocular pressure were found. 


(38.49 + 6.42 uL). This difference of 
7% was statistically significant 
(P = .05). 

No statistically significant differ- 
ences in intraocular pressure were 
observed in the terbutaline-treated 
eyes, in the placebo-treated eyes, or 
between the eye pairs on either day 1 
or day 2 (Table 2). 

Since the polarization of fluores- 
cence increases with increasing albu- 
min concentration, anterior chamber 
polarization was measured to detect 
any changes in the blood-aqueous bar- 
rier permeability. Before treatment, 
the mean polarization in the anterior 
chamber was 0.03 + 0.01 in the place- 
bo eyes and 0.03 + 0.02 in the fellow 
eye. This difference was not statisti- 
cally significant. In the afternoon 
after treatment, polarization was 
unchanged in the placebo-treated eyes 
and measured 0.02 + 0.01 in the ter- 
butaline-treated eyes. The difference 
between the two eyes was not statisti- 
cally significant. 

In general, there were no signifi- 
cant side effects from terbutaline. 
However, three subjects were unable 
to complete the study because of 
severe headache accompanied by nau- 
sea and, in one case, vomiting. The 
data from these subjects were not 
included in the results. None of the 
three subjects (all female) had a his- 
tory of recurrent headaches or 
migraine. No ocular abnormalities or 
changes in the pulse rate or blood 
pressure were noted at the time of 
their maximal symptoms. (Headaches 
were also reported as a side effect in 
two previous studies involving terbu- 
taline. In a phase 1 study of the drug, 
two of four patients treated experi- 
enced headaches at weeks 2 and 3, 
respectively, after twice-daily treat- 
ment for four weeks. In a second study 
of terbutaline for allergy, one patient 
of 14 had headaches at weeks 1 and 2 
after four times daily treatment for 
four weeks [L. J. B. McGuigan, MD, 
CIBA-GEIGY Corp, Summit, NJ, oral 
communication, spring 1987].) 


COMMENT 


Ericson’ first reported that the flow 
rate of aqueous humor is reduced dur- 
ing sleep. This finding was confirmed 


subsequently in other studies.‘ It also 
has been reported that the levels of 
circulating epinephrine are lowest at 
night." Topper and Brubaker? pro- 
posed that endogenous epinephrine 
stimulates the formation of aqueous 
humor during the day and that the 
nighttime suppression of flow reflects 
the low circulating levels of epineph- 
rine. Consistent with this hypothesis 
is the observation that the 8-blocker 
timolol maleate reduces aqueous for- 
mation during the day (when endoge- 
nous adrenergic stimulation is at its 
peak) and has no effect on flow during 
sleep.’ Similarly, topical epinephrine, 
which is known to stimulate aqueous 
flow, has been reported to have a 
greater effect during sleep, the period 
when endogenous epinephrine levels 
are at a minimum. 

A recent study by Larson and Bru- 
baker‘ lends further support to the 
above hypothesis. These investigators 
studied the effect of the $-agonist 
isoproterenol on the aqueous flow 
rates of patients with third-order 
neuron Horner’s syndrome and found 
that isoproterenol had no measurable 
effect on daytime aqueous flows but 
stimulated flow in eyes of both nor- 
mal subjects and patients with Horn- 
er’s syndrome during the sleep cycle. 

The results of our study confirm 
prior observations that the flow rate 
of aqueous humor is highest during 
the day and is reduced to minimal 
levels during sleep. The placebo- 
treated eyes in our study demon- 
strated a 43% reduction in flow with 
sleep, which corresponds to the 45% 
reduction observed by Reiss et al.? In 
addition, terbutaline was found to 
stimulate flow by 15% during sleep. 
Because terbutaline is a relatively 
selective 8,-agonist, we attribute its 
effect on the eye to a stimulation of 
§,-receptors in the ciliary body. 

In summary, the results of our 
study are consistent with the general 
observation that $-adrenergic ago- 
nists have a stimulatory effect and 
8-adrenergic antagonists have a sup- 
pressive effect on aqueous flow. Fur- 
thermore, our results confirm previ- 
ous findings that -agonists exert 
their maximal effects during sleep 
when endogenous adrenergic stimula- 
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tion of the ciliary body is believed to 
be at a minimum. However, it should 
be noted that the specific site of action 
and the cellular mechanism whereby 


these drugs regulate aqueous flow 4 


remain unclear. Based on the experi- 
mental evidence to date, the mecha- 
nism of action and duration of action 
of neither epinephrine nor timolol can 
be explained solely on the basis of 
their actions at the level of the ciliary 
body adrenergic receptor.!> Further- 
more, experimental proof of tonic 
adrenergic stimulation of the ciliary 
body is still lacking. Nevertheless, we 
maintain the working hypothesis dis- 
cussed above and await studies that 
delineate the mechanism of action of 
these drugs at the cellular level. 


This study was supported in part by National 
Institutes of Health (Bethesda, Md) grant EY 
00634; Research to Prevent Blindness Inc, New 
York; CIBA-GEIGY Corp; and the Mayo Founda- 
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Pathogenesis of Epidemic Dropsy Glaucoma 


Mahipal S. Sachdev, MD; N. N. Sood, FRCS; Lalit K. Verma, MD; S. K. Gupta, PhD; Nargis F. Jaffery, PhD 


@ Thirty-ome cases of epidemic dropsy 
with raised intraocular pressure were 
studied. Glaucoma was bilateral in all, 
with open angles and no signs of anterior 
segment inflammation. The outflow facili- 
ty was unimpairec (C value, 0.24 + 0.09 
uL/min/mm Hg). Aqueous bioassays 
revealed sicnificantly elevated prosta- 
glandin E, level (23.33 + 4.32 ng/mL) 
and histamine activity (13.0 + 2.76 ng/ 
mL) in all samples from patients with 
epidemic drapsy glaucoma as compared 
with negligibie levels in control samples 
from patients with open angle glaucoma. 
Aqueous bicchemical analysis revealed 
increased total protein level (1.03 + 0.10 
g/L) with a mormal globulin pattern as 
compared with controls (0.26 + 0.08 g/ 
L). On histopatholegic and histochemical 
testing, a nermal trabecular meshwork 
was found in 11 ofthe 12 trabeculectomy 
specimens. E is eoncluded that dropsy 
glaucoma is. hypersecretory in nature; 
prostaglandin and histamine release may 
have significant roles in its pathogene- 
sis. 

(Arch Ophthaimol 
1223) 


1988; 106:1221- 


Aymeemic dropsy, an acute toxic dis- 
ease, is eaused by the unintention- 
al ingestion of Argemone mexicana oil 
as an adulterant of cooking oils, espe- 
cially mustard oil.! Sanguinarine and 
dihydrosanguinarine have been shown 
to be the toxic etiologic alkaloids in A 
mexicana oi.’ 
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Widespread epidemics have been 
reported from India, Mauritius, Fiji 
islands, Northwest Cape districts of 
South Africa, and possibly Madagas- 
car also.' The most striking feature of 
the disease is the explosive onset of 
edema of the legs in a previously 
unaffected community using contami- 
nated mustard oil for cooking. Other 
manifestations include cutaneous fea- 
tures consisting of tenderness, erythe- 
ma, and rash over the edematous 
parts, gastrointestinal tract symp- 
toms, low-grade fever, and congestive 
cardiac failure, which may prove to be 
fatal. Ocular features consist of glau- 
coma, retinal vascular changes in the 
form of dilated, tortuous vessels, 
superficial retinal hemorrhages, and 
papillophlebitis.'** 

Despite the recognition of glaucoma 
associated with epidemic dropsy in 
1909 by Maynard,’ the pathogenesis of 
raised intraocular pressure (IOP) 
remains poorly understood. We had 
the opportunity to study in detail 31 
patients with epidemic dropsy glauco- 
ma from two separate outbreaks. This 
communication highlights the results 
of our investigations. 


PATIENTS AND METHODS 


A field survey we conducted to investi- 
gate an outbreak of epidemic dropsy in 
Delhi included 233 patients with this dis- 
ease.*ć After a detailed history was 
elicited, a systemic examination was car- 
ried out. A thorough ocular examination 
including direct ophthalmoscopy and 
Schiotz tonometry was also undertaken. 
Twenty-five patients with raised IOP were 
hospitalized for further investigation and 
treatment. In addition, six other patients 
with epidemic dropsy with raised IOP were 
referred to us in August 1986. 

Diagnosis of epidemic dropsy was estab- 
lished by biochemical tests for the detec- 
tion of Argemone in the cooking oil by 
ferric chloride and cupric acetate tests*** 
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and sanguinarine in the serum and urine 
samples of these patients by the spectro- 
fluorophotometric method.** 

A written informed consent was 
obtained from all the patients on admis- 
sion for conducting investigations and 
drug trials. On admission, a thorough ante- 
rior segment biomicroscopic examination 
and a detailed fumdus examination were 
done. A baseline diurnal variation, gonios- 
copy, outflow facility, tonography (by tran- 
sistorized Berkley model), fields by Gold- 
mann perimeter, and the effect of treat- 
ment with various antiglaucoma drugs 
were studied. Sixteen eyes of eight patients 
showing an inadequate response to medical 
therapy were subjected to trabeculecto- 
my. 

In these 16 eyes, paracentesis was per- 
formed prior to surgery and aqueous was 
tapped without touching the iris. Contami- 
nation of aqueous with blood was strictly 
avoided. Aqueous samples from six eyes of 
six patients were subjected to bioassays for 
detection of prostaglandin E, activity by 
the rat fundus strip method.’ Aqueous 
samples from anether six eyes of six 
patients were analyzed by the guinea pig 
ileum technique for the presence of hista- 
minelike activity.” In addition, four aque- 
ous samples were subjected to biochemical 
tests for quantification of total proteins 
and immunoglobulins (IgG, IgA, and IgM). 
Aqueous samples from an equal number of 
unrelated, age-matched patients with open 
angle glaucoma undergoing surgery served 
as controls. 

Histopathologic and histochemical ex- 
aminations for the presence of acid muco- 
polysaccharides were carried out in 12 
trabeculectomy anc iris specimens in these 
cases. 


RESULTS 


The clinical picture in the patients 
studied was found to be characteristic 
of epidemic dropsy. Biochemical tests 
performed for the detection of Arge- 
mone and sanguinarine were also pos- 
itive. Details of epidemiologic, clini- 
cal, ocular and biochemical studies 
have been reported earlier.** 
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Control eyes with OAG (n = 6) 
Eyes with dropsy glaucoma (n = 6) 










* Significantly (P < .001) greater than controls. 
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Total Proteins 






Control eyes with 
OAG (n = 4) 
Eyes with dropsy 
glaucoma (n = 4) 


* ND indicates not detectable. 
tSignificantly (P < .001) greater than controls. 


Raised IOP (>22 mm Hg) in the 
field study was seen in 10.73% of the 
patients, with ages ranging from 13 to 
54 years. The 11- to 20-year age group 
had the highest incidence of glaucoma 
(20.23%). Female patients were less 
susceptible than male patients were 
(8.08% vs 12.69%; P>.05). Raised 
IOP in our cases did not have any 
correlation with the socioeconomic 
status, dietary habits, serum protein 
profile, and sanguinarine levels. 
Demographic data and pressure 
dynamics of epidemic dropsy glauco- 
ma have been detailed elsewhere.!!" 

Glaucoma was always bilateral. 
Anterior segment biomicroscopic ex- 
amination characteristically revealed 
a quiet eye with no signs of uveal 
inflammation in any of our patients. 
The anterior chamber was found to be 
of normal depth. No clinically signifi- 
cant cup-dise changes were seen in 
any of the cases. On gonioscopy, the 
angles were open in all eyes. The 
average C value (coefficient of out- 
flow facility value) was found to be 
0.24 + 0.09 uL/min/mm Hg (P > .05). 
Tonography tracing revealed a nor- 
mal descending slope even at very 
high initial IOP recordings. Perime- 
try, carried out in 31 cases with raised 
IOP, did not reveal any field defect 
except enlargement of the blind spot 
in four eyes of two patients with asso- 
ciated papillophlebitis.° 

Various drugs were tried sequen- 
tially for the control of raised IOP in 
our cases." Satisfactory medical con- 
trol of glaucoma was achieved in the 
majority by means of multiple drug 
therapy. Systemic acetazolamide and 
indomethacin and topical epinephrine 


— Aqueous Prostaglandin E (PGE) and Histamine Activity in 
Dropsy Glaucoma and Open Angle Glaucoma (OAG) 


PGE> Activity, 
Mean + SD (Range), 


3.0 + 2.24 (0-6) 
23.33 + 4.32 (18-30)* 


- Table 2.—Aqueous Proteins and Immunoglobulins in Dropsy Glaucoma and 
a iy 2 Open Angle Glaucoma (OAG) 


Mean + SD (Range), g/L 


0.26 + 0.84 (0.10-0.40) 


1.03 + 0.10 (0.92-1.11)t 












Histamine Activity, 
Mean + SD (Range), 
ng/mL 

Not detectable 
13.0 + 2.76 (10-16)* 













ng/mL 

























IgG 







0.08 + 0.04 (0.05-0.20) Trace ND * 












0.04 + 0.01 (0.03-0.05) ND ND 





2% and clonidine 0.125% produced 
maximal pressure-lowering effect. 
Pilocarpine was ineffective.!! 

In comparison with controls, all the 
aqueous samples of patients with 
dropsy glaucoma had significantly 
(P < .001) raised levels of both prosta- 
glandin E, and histaminelike activity 
(Table 1). Biochemical analysis of the 
aqueous revealed a significantly in- 
creased amount of total proteins in 
patients with epidemic dropsy glauco- 
ma (P < .001), with the immunoglobu- 
lin fraction being essentially compa- 
rable with that of age-matched con- 
trol samples (Table 2). 

On histopathologic examination, 
normal trabecular meshwork was 
seen in 11 of the 12 trabeculectomy 
specimens (Figure). Special stains for 
acid mucopolysaccharides were nega- 
tive in all except one (hyalinized tra- 
becular meshwork). Histologic exami- 
nation of iris specimens did not reveal 
any abnormality. 


COMMENT 


The diagnosis of epidemic dropsy 
was established by the simultaneous 
occurrence of the characteristic clini- 
cal picture in a community, using 
mustard oil from a common source, 
along with the demonstration of Arge- 
mone contamination in mustard oil 
and presence of sanguinarine in urine 
and serum of these patients. 

A detailed study of glaucoma in 
epidemic dropsy is important, since 
several workers have been able to 
produce raised IOP in animals with 
sanguinarine and its related alka- 
loids.'*'’ However, the pathogenesis of 
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Filtration angle in case of epidemic dropsy. 
Sclera (s) and trabecular meshwork (tm) do 
not show any histologic abnormality (X80). 
Higher magnification (arrows) also reveals 
normal trabecular beams (hematoxylin-eosin, 
X360). 


glaucoma in epidemic dropsy is still 
unclear. 

The anterior chamber was found to 
be of normal depth with no sign of 
inflammation as in earlier re- 
ports.”'*"? The angles were open in all 
of our patients with glaucoma. Thus, 
an angle closure mechanism is defi- 
nitely not operative. A normal outflow 
facility in our cases associated with 
lack of histopathologic” or histochem- 
ical evidence of trabecular damage 
(Figure) rules out the possibility of 
reduced outflow being a significant 
factor in the pathogenesis of dropsy 
glaucoma. 

In the absence of an outflow 
obstruction, increased aqueous pro- 
duction could be the cause of raised 
IOP in epidemic dropsy. The findings 
of raised protein levels in the aqueous 
of patients with dropsy glaucoma (Ta- 
ble 2) points to an altered blood-aque- 
ous barrier. Increased aqueous 
osmolarity due to selective extravasa- 
tion of only low-molecular-weight 
proteins with a normal globulin frac- 
tion (Table 2) could lead to enhanced 
aqueous production.'*'? Whether the 
toxins in Argemone oil act directly or 
through the release of certain media- 
tors needs to be established. 

In the present study, aqueous bioas- 
Says were undertaken to evaluate the 
role, if any, of histamine and prosta- 
glandins as the possible mediators of 
glaucoma in epidemic dropsy. The 
near absence of prostaglandin E, and 
histaminelike activity in our control 
samples is comparable with findings 
of previous reports.?°2! 

Release of a histaminelike sub- 
stance into the aqueous has been 
thought to be responsible for the 
raised IOP encountered in epidemic 
dropsy." Our finding of elevated 
histamine levels in the aqueous (Table 
1) are in agreement with findings of 
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earlier stucies.'™’ Nonetheless, evi- 
dence regarding the capability of his- 
tamine to raise IOP in other glauco- 
mas remains equivocal. 


+- This stucy demonstrated signifi- 


cantly elevated, though previously 
unreperted, prostaglandin E, activity 
in all six samples from patients with 
epidemic dropsy glaucoma (Table 1). 
This could k= important since prosta- 
glandins have been incriminated as 
the cause cf raised IOP in various 
clinical?” and experimental” set- 
tings. 

Increased activity of aqueous pros- 
taglandin cculd explain the vascular 
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dilatation of ciliary body and iris,*!° 
increased protein levels in the aque- 
ous,'*!° and the significantly elevated 
IOP. In addition, various systemic fea- 
tures, including cutaneous, gastroin- 
testinal tract, and cardiovascular 
manifestations, can also be attributed 
to prostaglandm release.” Further 
evidence to corroborate the role of 
prostaglandins is afforded by the ben- 
eficial effect of known antiprostaglan- 
din agents such as aspirin and ste- 
roids in previous studies*™ and indo- 
methacin in our studies.''’? The 
mechanism by which the toxin in 
Argemone oil leads to the production 
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of prostaglandins (as well as their site 
of synthesis) still needs to be eluci- 
dated. 

We conclude frem the present study 
that glaucoma in epidemic dropsy is 
likely to be hypersecretory. This is 
because of the absence of any demon- 
strable outflow obstruction, the inef- 
ficacy of drugs that act primarily on 
outflow,!!!2"°?° and the relative effec- 
tiveness of agents known to reduce 
aqueous production. The demon- 
stration of elevated prostaglandin and 
histamine activity in the aqueous sug- 
gest their role in the pathogenesis of 
dropsy glaucoma. 
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Penetrating Keratoplasty After Epikeratophakia 


for Keratoconus 


Jonathan M. Frantz, MD; Michael B. Limberg, MD; Herbert E. Kaufman, MD; Marguerite B. McDonald, MD 


@ Seven patients underwent penetrat- 
ing keratoplasty after epikeratophakia for 
keratoconus. All seven patients achieved 
clear grafts and 20/40 or better best 
corrected visual acuity after penetrating 
keratoplasty. Three of the seven patients 
had one or more episodes of rejection 
after penetrating keratoplasty; all were 
treated successfully. No grafts were lost. 
The results in terms of graft clarity and 
visual acuity are comparable with those in 
patients undergoing penetrating kerato- 
plasty for keratoconus with no previous 
ocular surgery. Whether the relatively 
high rate of rejection episodes (three 
[43%]) seen in this small number of 
patients indicates some relationship 
between previous epikeratophakia and 
subsequent rejection after penetrating 
keratoplasty remains to be seen. 

(Arch Ophthalmol  1988;106:1224- 
1227) 


tionally been the treatment of 
choice for patients with keratoconus 
who are unable to wear contact lenses 
or in whom corneal scarring precludes 
good visual acuity. The prognosis for 
penetrating keratoplasty in keratoco- 
nus is good.' However, there are some 
risks, including endophthalmitis, cat- 
aract, and graft rejection. 
Epikeratophakia for keratoconus 
was first introduced in 1982.2 It 
involves a plano lamellar tissue lens 
that is sutured tightly across the con- 
ical corneal protrusion to reinforce 
and flatten the cornea. The goals of 
this procedure are to reduce regular 
and irregular astigmatism and to flat- 
ten the cone, allowing the patient once 
again to tolerate spectacle or contact 
lens correction. As an extraocular 
procedure, the advantages of epikera- 
tophakia for keratoconus are that it 


Penetrating keratoplasty has tradi- 
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avoids the risks of graft rejection, 
cataract, wound separation, and 
endophthalmitis. 

The patients selected for epikerato- 
phakia for the treatment of keratoco- 
nus originally included those with 
moderately advanced cones who were 
intolerant of contact lens correction 
and who had a best corrected visual 
acuity of 20/40 or better with a hard 
contact lens placed in the eye for 
diagnostic purposes. Later, when it 
became apparent that corneal scars 
within 1 mm of the visual axis preop- 
eratively could. be pushed into the 
visual axis, reducing best corrected 
visual acuity, patients with such sears 
were excluded. 

The visual results of epikeratopha- 
kia for keratoconus have generally 
been good. In an early series of 
patients at our institution with more 
than 12 months of follow-up after 
epikeratophakia for keratoconus, all 
achieved 20/40 or better best cor- 
rected visual acuity and all were able 
to wear a hard contact lens for correc- 
tion. More recently, McDonald et al‘ 
reported that, in the nationwide 
study, 65 (83%) of 78 patients with 
keratoconus achieved an improve- 
ment in uncorrected visual acuity 
after epikeratophakia, and all pa- 
tients who needed contact lens correc- 
tion were able to tolerate it. Com- 
pared with 68% (56/82) of patients 
with best corrected visual acuity of 
20/40 or better preoperatively, 78% 
(64/82) achieved 20/40 or better best 
corrected visual acuity postopera- 
tively. 

Occasionally, patients who have 
undergone epikeratophakia for kera- 
toconus require penetrating kerato- 
plasty as a result of poor vision, 
scarring of the patient’s cornea, vas- 
cularization and/or scarring of the 
epikeratophakia graft, infection, or 
progressive contact lens intolerance. 

In this study, we reviewed the 
records of all patients at the LSU Eye 
Center, New Orleans, who underwent 
penetrating keratoplasty after epiker- 
atophakia for keratoconus to deter- 
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mine the outcome in terms of graft 
survival and visual results. 


PATIENTS AND METHODS 
Patients 


During the period from July 1,.1981, to 
July 1, 1987, 86 patients underwent epiker- 
atophakia for keratoconus at the LSU Eye 
Center, 42 with tissue prepared at LSU and 
44 with commercially prepared tissue. Sev- 
en patients (8%) underwent penetrating 
keratoplasty after epikeratophakia in the 
same eye; five of the seven had undergone 
epikeratophakia with LSU-prepared tissue 
before 1983 (Table, patients 1 to 5), and two 
received commercially prepared tissue (Al- 
lergan Medical Optics, Irvine, Calif) in 
epikeratophakia_ procedures performed 
after January 1984 (Table, patients 6 and 
7). The charts of the seven patients were 
reviewed. For patients with less than six 
months of follow-up or patients who had 
not been seen at the LSU Eye Center in the 
past year, recent follow-up information 
was obtained from the patient’s ophthal- 
mologist. 

There were two men and five women. 
The ages ranged from 29 to 42 years (aver- 
age, 35 years). Before epikeratophakia sur- 
gery, none of the patients was able to wear 
a contact lens in the affected eye for 
enough hours of the day to permit normal 
activity (contact lens intolerance). All had 
visual acuities that could be corrected to 
20/40 or better with a hard contact lens 
placed on the eye for a few minutes for 
diagnostic purposes. 


Epikeratophakia 


The surgical technique for epikeratopha- 
kia has been described previously.‘ In the 
five cases involving epikeratophakia tissue 
lenses prepared at the LSU Eye Center in 
1981 and 1982, no wing was cut. Also, the 
donor corneal tissue was not restored to 
normal hydration before being lathed, 
because the cornea press’ had not yet been 
developed. The two commercially prepared 
tissue lenses were 0.3 mm thick in their 
normal state of hydration and had a 0.25- 
mm wing that tapered to 0.18 mm in 
thickness at the outer edge. In all but one 
case, the outer diameter of the keratecto- 
my bed was 0.5 mm smaller than the 
diameter of the tissue lens. 


Penetrating Keratoplasty 


Penetrating keratoplasty was performed 
between two and 16 months (average, nine 
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z| Patient/Sex/ 


JE 


Date of 
Epikeratophakia 
(Tissue 
Preparation) 


4/2/81 (LSU) 


Age, y 


Vascularization of tissue 
lens with lipid 


Reason for 


PKP Results 


hard contact lens 


deposition after 
cyanoacrylate glue 
tarsorrhaphy 


5/21/81 (LSU) 


Corneal melt involving 
tissue lens but not 


hard contact lens 


patient's cornea 


7/30/81 (LSU) 


3/11/82 (LSU) 


Scar in patient's cornea 
pushed into visual axis 

Persistent epithelial 
defects (probably 


hard contact lens 


hard contact lens 


self-induced) causing 
subepithelial scarring 


5/M/32 5/13/82 (LSU) 


Traumatic scar in 
patient’s cornea pushed 


into visual axis 


11/19/84 
(commercial) 


6/M/32 


10/7/86 
(commercial) 


Vision unsatisfactory to 
patient 


Vascularization of tissue 
lens with lipid 


Clear graft, 20/15 


hard contact lens 


deposition 


“PKP indicates penetrating keratoplasty; LSU, tissue prepared at LSU Eye Center, New Orleans. 


months) after epikeratophakia for kerato- 
conus. Topecal antibiotics and corticoste- 
roids were ased before surgery in inflamed 
eyes; pene:rating keratoplasty was per- 
formed only when no active anterior seg- 
ment inflammation was evident. In all 
cases in which the tissue lens was removed 
because of vascularization, cautery was 
applied tothe corneal vessels before treph- 
ination. 

In three cases (patients 1, 2, and 7), the 
epikeratopiakia tissue lenses had been 
removed before penetrating keratoplasty. 
In patient 2, the trephination of the 7.5- 
mm recipient bed for the penetrating kera- 
toplasty graft was centered on the visual 
axis inside the 85-mm epikeratophakia 
keratectomy scar. In patients 1 and 7, the 
penetrating keratoplasty recipient bed 
trephinatim was performed to coincide 
with the epikeratophakia keratectomy 
scar; in patient 1, both were 7.5 mm in 
diameter, and in patient 7, both were 8.5 
mm in diameter. 

In feur cases (patients 3 through 6), the 
epikeratopiakia tissue lenses were re- 
moved in she course of the penetrating 
keratoplasty proeedure. In patient 3, a 
7.5-mm trephination coinciding with the 
7.5-mm epkeratophakia keratectomy re- 
moved botk the entire epikeratophakia tis- 
sue lens ard the recipient corneal button. 
In patients4 through 6, a 7.0-mm recipient 
trephinatim was centered on the visual 
axis withir the margins of the epikerato- 
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phakia tissue lens. After the trephination, 
the remaining anulus of tissue lens was 
peeled away from the keratectomy with 
forceps. 

In all cases, the epikeratophakia kera- 
tectomy was about 0.3 mm in depth. The 
sutures for penetrating keratoplasty were 
placed deeper in the recipient cornea with- 
out difficulty. In six cases, the disparity 
between the diameter of the penetrating 
keratoplasty graft and the recipient bed 
was 0.5 mm; in patient 7, the graft and bed 
were the same size. In five cases (patients 
2, 3, and 5 through 7), both running and 
interrupted nylon sutures of 10-0 and 11-0 
nylon were used. Patient 1 had only inter- 
rupted sutures of 10-0 nylon, and patient 4 
had only a double running suture. 


RESULTS 


Indications fer tissue lens removal 
and penetrating keratoplasty in 
patients who had undergone epikera- 
tophakia included three patients with 
optical problems and four patients 
with medical problems (Table). Pa- 
tients 3 and 5 had poor visual acuity 
attributed to preexisting corneal 
scars, and patient 6, who was an art- 
ist, was unsatisfied with a final best 
corrected visual acuity of 20/40. In 
patients 1, 2, and 7, persistent epithe- 
lial defects or suture abscesses led to 
vascularization. In patient 4, persis- 
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Clear graft, 20/20 with 


Clear graft, 20/40 with 


Clear graft, 20/20 with 


Clear graft, 20/20 with 


Clear graft, 20/25 + 1 
with hard contact lens 


Clear graft, 20/40 with 





Follow-up 
Since PKP, 
mo ‘Comment 


Epikeratephakia tissue lens 
removed preoperatively; 
6 PKP graft rejection 
episodes treated | 
successfully 


Epikeratcphakia tissue lens 
removed preoperatively, 
cultures negative; patient 
subsequently underwent 
extracapsular cataract 
extraction with intraocular 
leas 5 y after PKP 


PKP in left eye, March 1983 


Prewous PKP in left eye with 
historyeof multiple graft 
resection episodes; 

1 possible PKP graft 
resection in right eye, 
treated successfully 


Relaxing incision (left eye), 
9 7/85; PKP in right eye, 
Jenuary 1984 


Epikeratophakia tissue lens 
removed, cultures yielded 


Staphylococcus. l 
epidermidis; 1 PKP graft 
resection treated 
successfully 


tent epithelial defects resulted in 
anterior stromal scarring of the tissue 
lens. 

In patient 3, a paracentral scar 
within 1 mm of the visual axis was 
moved into the viswal axis after epi- 
keratophakia, resulting in a 20/80 
visual acuity with a hard contact lens. 
In patient 5, sutures of 10-0 nylon 
were placed at 6 and 8 o’clock posi- 
tions in the recipient cornea during 
the epikeratophekia procedure (reef- 
ing sutures®) m an unsuccessful 
attempt to displace the corneal scar 
from the visual axis. 

Patient 6 had persistent corneal 
astigmatism after surgery that 
caused decentering ef a hard contact 
lens. A relaxing incision made at the 
keratectomy wound allowed the 
patient to achieve a 20/40 visual acu- 
ity with hard contact lens correction. 
Even with hard contact lens correc- 
tion, however, the patient (an artist) 
noted differences in vision between 
the operated on eye and the fellow eye. 
Penetrating keratoplasty was per- 
formed 14 months after epikeratopha- 
kia. 

Patients 1 and 7 developed vascular- 
ization of the graft with lipid deposi- 
tion caused by persistent epithelial 
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Fig 1.—Patient 4 four months after epikerato- 
phakia for keratoconus. Note anterior stromal 
scarring in tissue lens. 


defects. A tarsorrhaphy was per- 
formed in each case to aid epithelial 
repair. In patient 1, a cyanoacrylate 
glue tarsorrhaphy was performed. It 
appeared that mechanical rubbing 
from glue that had polymerized inside 
the gray line led to corneal vascular- 
ization, requring removal of the tissue 
lens 81 days after surgery. Penetrat- 
ing keratoplasty was performed four 
months after the tissue lens was 
removed. In patient 7, the tissue lens 
never completely reepithelialized and 
was removed 29 days after surgery. 
Cultures of the removed tissue lens 
yielded Staphylococcus epidermidis. 
The patient was treated with topical 
antibiotics and corticosteroids. Pene- 
trating keratoplasty was performed 
one month after removal of the tissue 
lens. 

Patient 2 developed suture ab- 
scesses two weeks after surgery. The 
three involved sutures were removed, 
and the patient was treated with topi- 
cal antibiotics. The abscesses were 
thought to be caused by postoperative 
noncompliance with treatment for 
keratoconjunctivitis sicca, blephari- 
tis, and atopic dermatitis. The tissue 
lens subsequently underwent rapid 
vascularization with lipid deposition 
in the area of the removed sutures and 
was removed 2% months after sur- 
gery. Treatment for keratoconjuncti- 
vitis sicca and blepharitis was reinsti- 
tuted, and the patient underwent a 
successful penetrating keratoplasty 
two months after the tissue lens was 
removed. 

Patient 4 had a history of psychiat- 
ric problems. She had undergone pen- 
etrating keratoplasty in the left eye in 
1979 at another institution. After sur- 
gery, she experienced numerous epi- 
sodes of graft rejection, which were 
managed successfully. She presented 
to the LSU Eye Center with an inferi- 
or melt in the grafted (left) eye, which 
was thought to be self-inflicted, and 





Fig 2.—Patient 4 three months after penetrat- 
ing keratoplasty. 


contact lens intolerance in the right 
eye. Epikeratophakia was performed 
in the right eye. The tissue lens devel- 
oped recurrent central epithelial 
defects, probably self-induced. Two 
and one-half months after surgery, 
the epithelium was intact and the 
sutures were removed. Subsequently, 
however, visual acuity did not 
improve beyond 20/80 as a result of 
anterior stromal scarring in the tissue 
lens, which was thought to be the 
result of the persistent epithelial 
defects (Fig 1). The patient underwent 
penetrating keratoplasty eight 
months after epikeratophakia (Fig 2). 
Follow-up after penetrating kerato- 
plasty ranged from nine to 68 months 
(average, 44 months). All patients 
achieved a best corrected visual acuity 
of 20/40 or better (Table); one patient 
achieved 20/15, three achieved 20/20, 
one achieved 20/25, and two achieved 
20/40. Three patients (patients 1, 4, 
and 7) experienced episodes of graft 
rejection, all of which were treated 
successfully. No grafts failed. All 
grafts were clear at the patient’s most 
recent follow-up examinations. 


COMMENT 


In terms of graft clarity and visual 
acuity, our results compare favorably 
with published results of penetrating 
keratoplasty for keratoconus in eyes 
that have not undergone previous ocu- 
lar surgery. Paglen et al' reported on 
326 eyes that underwent penetrating 
keratoplasty for keratoconus with a 
minimum follow-up of five years. 
Ninety percent (292/326) of the grafts 
remained clear and 73% (237/326) of 
the eyes achieved 20/40 or better 
visual acuity. Others have a reported 
97% (120/124)’ and 98% (53/548 and 
80/82’) with clear grafts and up to 
91% (75/82)? with 20/40 or better 
visual acuity. In our series, there were 
100% clear grafts, and all patients 
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achieved 20/40 or better visual acu- 
ity. 

Two additional cases of penetrating 
keratoplasty after epikeratophakia 
for keratoconus have been reported. 
Goodman et al described a 37-year- 
old man who underwent penetrating 
keratoplasty 38 months after epikera- 
tophakia for keratoconus. Four 
months after penetrating keratoplas- 
ty, the patient achieved 20/20 visual 
acuity with hard contact lens correc- 
tion. Jaeger et al? reported 20/20 
visual acuity with hard contact lens 
correction five months after penetrat- 
ing keratoplasty in a 20-year-old man 
who had undergone epikeratophakia 
for keratoconus 68 months previously. 
Combining these two patients with 
our seven patients, we have a series of 
nine patients with 100% clear grafts 
and 100% with visual acuities of 20/40 
or better. Six (67%) of these nine 
patients achieved visual acuity of 20/ 
20 or better. 

Three of our seven patients (pa- 
tients 1, 4, and 7) experienced episodes 
of graft rejection, all of which were 
treated successfully. This incidence 
(43%) is higher than the 6% (3/50) 
to 37.7% (20/53 eyes)" that has been 
reported in larger series of patients 
undergoing penetrating keratoplasty 
for keratoconus. Patients 1 and 7 had 
epikeratophakia tissue lenses that 
had become vascularized; vasculariza- 
tion of the recipient bed may have 
been a contributing factor to subse- 
quent rejection episodes after pene- 
trating keratoplasty. Patient 4 had an 
episode of ocular discomfort and a 
trace inflammatory reaction in the 
anterior chamber that may or may 
not have represented graft rejection. 
In this patient a previous penetrating 
keratoplasty graft in the fellow eye 
had numerous episodes of graft rejec- 
tion. Some studies’'* have suggested 
that graft rejection after penetrating 
keratoplasty in one eye may predis- 
pose to graft rejection in the second 
eye to undergo penetrating kerato- 
plasty, although other studies! ap- 
pear to show no such effect. 

It seems unlikely that the epikera- 
tophakia tissue lens immunologically 
sensitizes the recipient. Moore et al'® 
were unable to induce rejection of 
cryolathed and lyophilized feline tis- 
sue lenses even when the tissue lenses 
were given to a rabbit previously sen- 
sitized to the donor cat. The patients 
in our study all received tissue lenses 
that had been cryolathed and lyophi- 
lized without the use of a cryoprotec- 
tant. It has been demonstrated that 
the process of cryolathing and lyophi- 
lization kills all keratocytes and 
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substantially alters structural pro- 
teins,'’* which apparently renders 
the tissue lenses less antigenic. 

It is not clear, however, whether 
. some aspect of the previous epikerato- 
phakia sargery influences rejection in 
subsequent penetrating keratoplasty, 
and the very small number of cases in 
our seris makes any definitive state- 
ment om this point questionable. In 
any ease there ts at least the possibil- 
ity that patients who are prone to 
difficulties with epikeratophakia may 
also be prone to difficulties with pene- 
trating keratoplasty. In this connec- 
tion, it is worth noting that the three 
patients who experienced episodes of 
graft rejection were all in the group of 
four whose epikeratophakia tissue 
lenses were removed for medical rea- 
sons; none of the three patients with 
optical problems had graft rejection 
episodes after penetrating keratoplas- 
ty. Previous vascularization of the 
recipient bed, which is a known pre- 
dispesing factor to rejection,” may 
account zor two of the three patients 
with rejection episodes. 

Of the seven patients who under- 
went penetrating keratoplasty, five 
had epikeratophakia in 1981 or 1982, 
one in 1984, and one in 1987. Two of 
the first ive removals (patients 3 and 
5) were the result of previously exist- 
ing central scarring within 1 mm of 
the-visual axis; current selection crite- 
ria woulc make these patients ineligi- 
ble for this surgery. One of the five 
(patient 2) hac keratoconjunctivitis 
sicca, blepharitis, and atopic dermati- 
tis, which are net absolute exclusions, 
but whicn require a judgment on the 
surgeon’s part as to future compliance 
with con inued therapy for these con- 
ditions. The medical problems this 
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patient had with the epikeratophakia 
tissue lens were thought to be related 
to noncompliance with this essential 
regimen. It should be noted, however, 
that this patient did undergo success- 
ful penetrating keratoplasty, so that 
compliance must have been reesta- 
blished at a later date. Another of the 
five (patient 4) had a history of psy- 
chiatric problems and a previous pen- 
etrating keratoplasty in the fellow 
eye, with multiple rejection episodes. 
It was thought at the time that epi- 
keratophakia, as an extraocular pro- 
cedure, might be less stressful, heal 
sooner, and have fewer rejection prob- 
lems than penetrating keratoplasty in 
the second eye. Thus, patient selection 
may have played a part in the need for 
tissue lens removal and penetrating 
keratoplasty after epikeratophakia 
for keratoconus in the early days of 
the development of this surgical pro- 
cedure. 

Similarly, some of the problems 
experienced by the five early patients 
who underwent penetrating kerato- 
plasty and whose tissue lenses were 
not commercially prepared may have 
been related to early tissue processing 
and surgical techniques that were in 
the process of refinement at that 
time. With current surgical proce- 
dures, the incidence of vascularization 
of the tissue lens has been reduced 
markedly. Additionally, experience 
gained in the management of patients 
with epikeratophakia since that time 
has resulted in improvements in the 
postoperative eare regimen. 

In patients with keratoconus with- 
out central corneal scarring who are 
unable to wear contact lenses, epiker- 
atophakia remains an alternative to 
penetrating keratoplasty that enables 
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the patient to avoid the complications 
of long-term corticosteroid therapy, 
graft rejection, endophthalmitis, and 
wound leak. Epikeratophakia for ker- 
atoconus may be particularly suitable 
for patients with incipient cataract 
in whom corticosteroid treatmen. 
after penetrating keratoplasty might 
be expected to cause progression of 
the cataract,” as patients with epiker- 
atophakia almost never require corti- 
costeroid treatment for prolonged 
periods after surgery. In patients with 
large cones and peripheral corneal 
thinning, epikeratophakia may be a 
useful alternative te a large penetrat- 
ing keratoplasty, especially when one 
considers the theoretical disadvan- 
tages of increased graft size and 
proximity to the limbus on graft sur- 
vival. 

Available evidence indicates that, 
in those patients who require pene- 
trating keratoplasty after epikerato- 
phakia for keratoconus, the potential 
for a successful graft is not jeopar- 
dized. All of our sewen patients main- 
tained clear grafts, and all had 20/40 
or better visual acuity. On the basis of 
this small number of patients, howev- 
er, no definitive statement can be 
made as to the effect of previous epi- 
keratophakia on the incidence of graft 
rejection episodes after subsequent 
penetrating keratoplasty. Further 
studies of larger numbers of patients 
are needed to resolve this question. 
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Configuration of Corneal Trephine Opening 


Using Five Different Trephines in Human Donor Eyes 


Gabriel van Rij, MD, PhD, George O. Waring III, MD 


@ In this laboratory study, we used five 
different corneal trephines on 60 fresh 
human donor eyes with controlled intra- 
ocular pressure to study the variation in 
the size and shape of the trephine open- 
ings. With all trephines, the average diam- 
eter of the button was larger than the 
diameter of the trephine at the epithelial 
side (mean difference, 0.21 mm; range, 
0.06 to 0.35 mm) and the endothelial side 
(mean difference, 0.42 mm; range, 0.13 to 
0.79 mm), presumably because the corne- 
al tissue protruded into the trephine dur- 
ing cutting. The trephines that produced 
the most uniform opening were a 
nondisposable suction trephine and a 
freestanding disposable blade, but they 
caused some undercutting. 

(Arch Ophthalmol 1988;106:1228- 
1233) 


Erne astigmatism occurs fre- 
quently after penetrating kerato- 
plasty, but the factors that produce 
postoperative astigmatism are not 
well-defined.'* An exact circular, full- 
thickness trephine opening in the 
recipient cornea will probably reduce 
postoperative astigmatism, but differ- 
ent methods of trephination produce 
different-shaped corneal openings. In 
this study we used five corneal tre- 
phines on fresh human donor eyes and 
compared the variation in the shape 
of the trephine openings with differ- 
ent trephination techniques. 
MATERIALS AND METHODS 
Mounting and Measurement of Eyes 
Sixty fresh human donor eyes, five in 
each of 12 experiments, were glued in a 
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metal cup and held in a gimballike device 
that allowed rotation of the globe in all 
directions and alignment of the plane of 
the cornea horizontally.. To control the 
intraocular pressure (IOP), we inserted a 
10-gauge needle into the vitreous and 
adjusted a bottle of normal saline at differ- 
ent heights,‘ maintaining IOP at 10 to 15 
mm Hg (Schiotz) in all experiments except 
experiments 1 (5 mm Hg), 3 (40 mm Hg), 
and 10 (20 mm Hg). 

The plane of the intact cornea was 
aligned horizontally, and central corneal 
astigmatism was measured with a vertical- 
ly mounted keratometer, subtracting the 
flattest from the steepest measurement. 
Eyes with an irregular astigmatism or 
with an astigmatism of more than 1 diop- 
ter (D) were excluded from the study. 

The five styles of trephines are shown in 


Fig 1, and the 12 different methods of 
trephination are listed in Table 1. The 
diameters of three new disposable trephine 
blades of each type and one new motor 
trephine blade were measured at 30° inter- 
vals around their circumferences with a 
micrometer to confirm that they were cir- 
cular. Each disposable Franceschetti-type 
blade was used one to three times. The 
disposable razor blades were used only 
once. 

We measured the chord length diame- 
ters of the excised buttons, which reflected 
the true shape of the hole.’ The trephine, 
which was centered around a mark made 
over the middle of the pupil, was held 
vertically as determined by two protrac- 
tors 90° apart. Trephination was stopped 
immediately after the cornea was perfo- 
rated. The corneal button was then com- 


Fig 1.—Drawings of trephines used in experiments. 1, Freestanding disposable Franceschetti- 
type trephine blade. 2, Disposable Franceschetti-type trephine blade mounted on handle with 
obturator (Weck Co Inc). 3, Nondisposable motorized rotating trephine (Micro Keratron System, 
Hans Geuder Ltd). 4, Disposable razor blade suction trephine (Hessburg-Barron, Jedmed). 5, 
Nondisposable razor blade suction trephine with outer suction ring removed (Hanna Trephine). 
Some design features of the Hanna Trephine have been improved subsequent to these 
experiments. 
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Table 1.—Configuration of Corneal Trephine Openings With 12 Different Techniques 


Average 
Maximum 
Variation of 
Angles at 
Edge, Degrees 


Endothelial 
Diameter Minus 
Epithelial 
Diameter, mm 


Average 
Ovainess 
at Epithelial 
Side, mm 


Average 
Ovainess 
at Endothelial 
Side, mm 


Method ef Diameter of 
Trephinatien * Trephine, 
(Fig 1) mm 
Disposable ‘rephine 
blade with handie 
Exp 1 GOP, = mm Hg) 
Exp 2 


Average 
Endothelial 
Diameter, mm 


Average 
Epithelial 
Diameter, mm 


—0.13 
+0.08 + 0.21 


0.19 + 0.20 
0.27 + 0.18 


18.0 + 16.0 
24.0 + 15.5 


Exp 3 GOP, 4D mm Hg) 

Exp 4 (high astigmatic 
cornea) 

Exp 5 (aphaiaa) 


0.24 + 0.12 


0.14 + 0.04 
0.25 + 0.13 


I+ | 1+ | I+ 


+0.20 


+0.08 
+0.16 


14.0 + 6.5 


19.0 + 12.9 
22.0 + 16.8 


I+ | I+ | I+ 


+0.14 24.0 + 13.9 


Exp 6 Grephime 60 g) i 0.42 + 0.22 
Disposable trephir= 
blade without Randle 
Exp 7 
Motor trephine 
Exp 8 (blade turning) 
Exp 9 (blade siill) 
Exp 10 (suctiomering) 
(11-20:mm Hig) 
Razor blade#trepnine 


Exp 11 (disposable 
vacuum trepmine) . - 0.28 + 0.12 


Exp 12 (nondisposable 
‘suction trepfiime) 


* intraocular pressure (IOP) of 10 to 15 mm Hg unless otherwise indicated. Exp indicates experiment. 


12.0 + 2.7 


12.0 + 4.5 
16.0+ 6.5 


16.0 + 4.2 


0.07 + 0.04 


0.10 + 0.03 0.04 + 0.03 





Fig 2.—Measurements to characterize configuration of button removed from cornea. 1, Trephine button is 
removed from cornea. 2, It is placed endothelial side up on concave end of circular rod, allowing 
‘cross-sectional photographs to be taken with measurements of the chord length diameter of posterior 
surface at level of Descemet’s membrane, anterior surface at level of Bowman’s layer, and angles ‘A, B) 
formed by intersection of sides with horizontal plane. 3, As circular rod is rotated, corneal profile can be 
photographed at 30° intervals around circumference. 


Descemet’s 
Membrane 


2. Measurements 
=x 3. Location of Measurements 
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Fig 3.—Experimental conditions for photographing corneal button. Corneal button is on top of 
4-mm-diameter circular concave disc with radius of curvature of 7 to 8 mm that rotates on top of 
pedestal. Pedestal is placed in front of a tripod-mounted, 35-mm camera with auto bellows, 
macrolens, and flash. Inset, Bar was connected to disc with vertical marks (arrows) every 30°, 
allowing photographs of corneal button to be taken around its circumference. 
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Fig 4.—Trephination of cornea with disposable blade on end of handle is usually accompanied by 
(A) moderate pressure on cornea that causes protrusion of cut lamellae into barrel of trephine, 
resulting in a larger diameter of endothelial side than epithelial side (undercutting of host wound 
margin), and (B) tilting of trephine that results in oval cut. 


pletely excised under an operating micro- 
scope with a razor blade knife following 
the original trephination groove. 

We placed the button with the endotheli- 
al side up on top of the circular metal plate 
(Fig 2) in front of a 35-mm camera. The 
camera photographed six profiles of the 
corneal button at 30° intervals around the 
circumference.‘ To determine reproducibil- 
ity of the technique, one corneal disc was 
photographed five times. The camera was 
defocused and refocused between each pho- 
tograph. Magnification was controlled by 
photographing a micrometer before photo- 


graphing each button (Fig 3). 

We projected the resulting slides on a 
screen and measured the chord length 
diameters of the button across both the 
endothelial and the epithelial surface in 
each of the six meridians. The angle 
formed between the edge of the button and 
the horizontal plane was measured with a 
graduated arc protractor in steps of 5° at 
12 locations 30° apart (Fig 2). To compute 
the average epithelial and endothelial 
diameter, we averaged the six measure- 
ments for each button. To compute the 
ovalness of the button, we subtracted the 
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shortest diameter from the longest for the 
epithelial side and the endothelial side. To 
describe the configuration of the edge of 
the button, we computed the difference of 
the average diameter of the epithelial and 4 
endothelial sides and also subtracted the 
smallest from the largest angle formed by 
the edge (Table 1). We compared groups 
statistically by using the Student t test. 


Disposable Trephine Blades 
With Handle and Variable 
IOP 


In experiments 1 through 3, we tested 
the influence of IOP on the corneal tre- 
phine opening at 5, 10 to 15, and 40 mm Hg, 
respectively. A 6.5-mm disposable trephine 
blade with a handle and the obturator at 
the highest position (so it did not act as a 
stop) (Fig 1 [drawing 2]) was placed around 
the center of the cornea. The trephine, 
weighing 17.5 g, was held vertically and the 
incision was made by gently rotating the 
trephine between thumb and index finger 
without pushing down, letting the weight 
of the trephine provide the force for pene- 
trating the tissue (Fig 4). 


Preexisting High Astigmatism 


To examine the influence of suture- 
induced high astigmatism in the cornea 
(experiment 4) on the shape of the trephine 
hole, we induced high corneal astigmatism 
(mean [+SD], 16.2 + 3.5 D) in five donor 
eyes by an anterior radial 7-0 silk suture 
across the corneoscleral limbus.’ 


Aphakic Eye 


To determine the effect of aphakia, we 
trephined five aphakic donor eyes that had 
undergone an intracapsular lens extrac- 
tion in the past (experiment 5). 


Weight of Trephine 


To examine the influence of pressure on 
the trephine, we increased the weight of 
the trephine by wrapping lead wire around 
the handle until the total weight of the 
trephine was 60 g (experiment 6). 


Disposable Trephine 
Blade Without Handle 


To achieve the gentlest application of the 
trephine to the cornea with the least 
mechanical distortion of the cornea, we 
placed the free trephine blade without 
handle or obturator on the surface of the 
cornea (Fig 1 [drawing 1]). The blade 
weighed 1.4 g. The top of the trephine blade 
was gripped with thumb and index finger 
and gently rotated approximately 30° for- 
ward, backward, and again forward, apply- 
ing minimal pressure on the cornea. The 
trephine was then released to allow it to 
return to a perpendicular position before 
beginning again (experiment 7). 


Motor Trephine With Blade Turning 


The Geuder motorized trephine? allowed 
direct visualization of the cornea through 
the microscope (Fig 1 [drawing 3]). The 
motor trephine was held in the right hand 
and was kept stable by putting the left 
index finger against the holder of the 
trephine blade. With the blade rotating at 
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Table 2.—Configuration of Cornea Trephine Opening Using 6.5-mm Disposable 
Blade on Handle With Obturator in Five Human Eyes* 


Mean Diameter at 
Endothelial Side 


Eye No. mm (Range) 


Endothelial Ovainess 
(Maximal Diameter 
Variation), mm 


Mean Diameter at 
Epithelial Side, 
mm (Range) 


Epithelial Ovainess 
(Maximal Diameter 
Variation), mm 


Maximal Variation 
of Angles at Side 
of Button, 
Degrees 


Difference Between 
Mean Epithelial 
and Endothelial 
Diameter, mm 


Mean of 
5 buttons 


0.27 + 0.18 





* Experiment 2, intraocular pressure of 10 to 15 mm Hg. 


a velecity of 90 rpm, the trephine was 
slowly placed on she corneal surface and, 
using minimal pressure, the cut was made 
until the anterior chamber was entered 
(experiment 8). 


Motor Trephme With Blade Still 


The motor trepnine was first placed on 
the cornea with minimal pressure and the 
motor was switched on at a velocity of 90 
rpm (experiment %). 


Motor Trephine and Suction Ring 


To examine the effect of a suction ring 
on the eye during trephination, a Barra- 
quer-Steinway suction ring was applied 
until the IOP measured 20 mm Hg. Then 
the motor trephine with the blade turning 
was slowly moved toward the corneal sur- 
face and the cut was made (experiment 
10). 


Disposable Razor Blade 
Vacuum Trephine 


The Hessburg Barron vacuum tre- 
phine™” (Fig 1 [drawing 4]) had a suction 
ring that adherec to the cornea 0.5 mm 
outside the trephine blade that was ro- 
tated, without extra pressure on the eye. 
There was no obturator (experiment 11). 


Nondisposable Razor Blade 
Suctien Trephine 


The Hanna suction trephine" (Fig 1 
[drawing 5]) adhered to the conjunctival 
surface of the limbus by pneumatic suc- 
tion. The trephine weighed 59 g and had a 
height of 3.5 cm. With the disposable razor 
blade set to descend to its maximal depth 
of 0.90 mm and the trephine held vertically 
in the left hanc, syringe suction was 
applied, affixing the ring to the conjuncti- 
va, and the right hand turned the knurled 
control knob that both rotated and 
lowered the trephine blade (experiment 
12). 


RESULTS 
Standardization 


All trephine blades had a constant 
diameter (SD =<0.01 mm). The tre- 
phine diameters were as stated on the 
package except for the motor trephine 
blade, which was 0.03 mm larger, and 
the disposable razor blade for the 
Hanna suction trephine, which was 
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0.12 mm larger. Repeated photography 
of one corneal button produced a mean 
diameter of 6.72 + 0.0089 mm. This 
shows that the method was precise. 


General Results 


The average results of all 12 experi- 
ments are summarized in Table 1. The 
specific results for each of the five 
eyes in the second experiment, using 
the disposable trephine with handle— 
the most commonly used clinical tech- 
nique—are shown in Table 2. 

In all experiments the average 
diameter of the buttons was larger 
than the diameter of the trephines, at 
the epithelial side (mean difference, 
0.21 mm; range, 0.06 to 0.35 mm) and 
the endothelial side (mean difference, 
0.42 mm; range, 0.13 to 0.79 mm). 

The mean variation in diameter 
(the ovalness) at the epithelial side 
was smaller than at the endothelial 
side in all experiments. This was sta- 
tistically significant (P < .001). 


Effect of IOP 


Increasing the IOP from 5 mm Hg 
to 10 to 15 and to 40 mm Hg in 
experiments 1 through 3 decreased 
the mean epithelial side diameter and 
increased the endothelial side diame- 
ter. Thus, the diameter of the endo- 
thelial side was larger than the diam- 
eter of the epithelial side in all exper- 
iments except experiment 1, with the 
low IOP of 5 mm Hg. The ovalness at 
the epithelial side was the largest 
when the IOP was low (5 mm Hg). 


Effect of Preexisting Astigmatism 


Trephination of corneas with a 
large amount of astigmatism in 
experiment 4 resulted in openings of 
comparable shape to that achieved in 
spherical corneas. 


Effect of Aphakia 


Trephination of aphakic eyes in 
experiment 5 produced a button 
approximately 0.11 mm larger than 
that from the phakic eyes trephined 


0.06 + 0.03 


+0.08 + 0.2) 24.0 + 15.5 


under the same circumstances in 
experiment 2. 


Effect of Trephine Pressure 


The 60-g trephine in experiment 6 
cut a larger endethelial and epithelial 
diameter than the standard 17.28-g 
trephine in experiment 2. The average 
ovalness on the endothelial side 
increased with a 60-g trephine. The 
freestanding, light-weight blade ap- 
plied with minimal pressure in exper- 
iment 7 undercut the wound and pro- 
duced a larger difference between 
endothelial and epithelial side diame- 
ters than the standard trephine with 
the obturator retracted in experiment 
2. The difference was statistically sig- 
nificant (P < .005). 


Effect of the Metor Trephine 


The Geuder motor trephine (experi- 
ments 8 through 10) also produced 
buttons with a much larger diameter 
at the endothelial side than at the 
epithelial side. The results were better 
when the trephine was rotating when 
placed on the cornea. 


Effect of a Suction Ring 


Stabilization of the globe and eleva- 
tion of IOP with a Barraquer suction 
fixation ring in experiment 10 did not 
improve the results. The ovalness of 
the buttons actually increased. 


Effect of Razor Blade Trephines 


The MHessburg-Barron disposable 
razor blade vacuum trephine in exper- 
iment 11 consistently produced but- 
tons with the greatest difference in 
diameter between the endothelial 
(larger by 0.44 mm) and epithelial 
sides. The Hanna nondisposable razor 
blade suction trephime in experiment 
12 cut buttons with less of a difference 
in diameter between the endothelial 
(larger by 0.27 mm) and epithelial 
sides and with the least ovalness of 
any of the trephimes at the endothelial 
(0.096 mm) and epithelial (0.042 mm) 
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sides. The difference in ovalness 
between the two razor blade trephines 
was statistically significant at the 
endothelial side (P < .001). 


Effect of Perpendicularity 
of the Trephine 


The three trephines that were held 
perpendicular to the corneal surface 
inside the trephine by either suction 
(experiments 11 and 12) or freestand- 
ing (experiment 7) showed less varia- 
tion in shape of the button than tre- 
phines applied at the end of a handle, 
either manually (experiments 2 and 6) 
or motorized (experiments 8 and 9). 
The differences in the maximum vari- 
ation of angles were statistically sig- 
nificant (experiments 7, 11, and 12 vs 
experiments 2 and 6, P < .001; experi- 
ments 7, 11, and 12 vs experiments 8 
and 9, P < .05). 


COMMENT 


We studied the configuration of the 
host wound in penetrating keratoplas- 
ty to find which of 12 trephination 
techniques in human eye bank eyes 
produced a round vertical wound 
under controlled IOP. We measured 
the shape of the button removed:: (1) 
the difference in the size of the anteri- 
or (epithelial side) and posterior (en- 
dothelial side) openings; (2) the oval- 
ness of the epithelial and endothelial 
sides; and (3) the angle formed by the 
sides of the button. These experiments 
showed that different trephine sys- 
tems and variations in trephine tech- 
nique make a considerable difference 
in the size and shape of the recipient 
opening.'” 


Variation in the 
Anterior and Posterior Diameters 
and the Angle of the Side 


Effect of Force Applied to Trephine.— 
In all experiments, the average diam- 
eter of the buttons was larger than 
the diameter of the trephines. This 
can be explained by protrusion of the 
cornea inside the trephine during cut- 
ting? (Fig 5). The larger buttons 
obtained with the 60-g trephine as 
compared with a 17.28-g trephine, 
under the same circumstances, must 
have resulted from more protrusion of 
corneal tissue inside the trephine. A 
manual force on the trephine of 60 g 
or more is common in clinical practice 
(G.v.R., unpublished data, February 
1983). 

All techniques (except experiment 1 


‘with the low IOP of 5 mm Hg) under- 
~ cut the edge of the wound so that the 


diameter at the endothelial side was 
larger. This was due to deflection of 
the corneal lamellae as the trephine 
knife cut. As Eisner” has explained, 


1232 


— ——= sz pea -E = =F, 7 ag i 
POER EET ATE T E E E EO E E T T EEE OE ee N EE 


DaN 
A ~E 
Vat 
? 


OF oy E Ke N 
GA $ | 
PA ON 
SEPA $ A SSS 


tà ` 
WOTAN R 
MANN 
‘ SANA Yi) C 
oS SS risk 
SR es | 


ME TO 
Moats 





Fig 5.—Two trephines found to cut the most uniformly shaped wounds are (A) freestanding blade, 
and (B) Hanna razor blade mechanical suction trephine, but both undercut the wound somewhat 


(C). 


the cornea consists of layers of tissue 
that vary in their resistance to cut- 
ting. A trephine blade that intersects 
the domed cornea encounters asym- 
metric lateral resistance, so the inci- 
sion deviates outward. To prevent this 
lamellar deflection, the majority of 
trephine blades are beveled only on 
the outside. A thinner blade, like the 
motor trephine blade, which allows a 
better visualization of the cornea 
through the microscope, produces 
more lamellar deflection, creating a 
larger posterior diameter, as was 
found in experiments 8 through 10. 
Razor blades, as used in the Hess- 
burg-Barron suction trephine, are 
ground on both sides, and produce a 
larger posterior diameter (experiment 
11); this disparity can be reduced by 
providing an obturator (experiment 
12). 

Effect of IOP.—At a low IOP the 
trephine indents the globe and takes a 
completely new cutting angle through 
the corneal lamellae, resulting in a 
smaller diameter at the endothelial 
side**”:"* (overcutting of the wound), 
as shown in experiment 1 with the 
IOP of 5 mm Hg. As the IOP 
increases, the cornea is indented less 
and retains its shape, so less tissue 
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protrudes inside the trephine, result- 
ing in a smaller anterior diameter 
(experiments 2 and 4 through 9). As 
the cutting proceeds, the incised cor- 
neal stromal lamellae protrude fur- 
ther into the trephine, causing more 
lamellar deflection and a larger poste- 
rior diameter (experiments 1 through 
3 and 8 through 10). This results in 
undercutting of the wound. 

Effect of Obturator.—In all our 
experiments, the obturator was 
retracted, but the air cushion within 
the trephine may have acted to press 
down on the cornea. An obturator that 
rides on the surface of the cornea 
prevents the protrusion of the tissue 
inside the trephine during cutting, 
decreases the diameter at the endo- 
thelial side, and results in less under- 
cutting of the wound, as demonstrated 
with the Hanna suction trephine (ex- 
periment 12). One of the drawbacks of 
the Hessburg-Barron suction trephine 
and the freestanding trephine blade 
without an obturator (experiment 7) 
was that they allowed more protru- 
sion of tissue inside with undercutting 
of the wound. 

Effect of Aphakia.—The larger but- 
tons obtained from aphakic eyes (ex- 
periment 5) were a surprise. Possibly, 
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Nondisposable « zor suction 


‘trephinetHamma) (Exp 12) 8 
Disposable treprane blade 

without handle (Weck) (Exp 

7) 7 
Motor trephine (@euder), 

blade turnings®xp 8) 6 


Disposable razor blade 
vacuum trephr e 
“(Hessburg-Bereon) (Exp 11) 2 


Disposable trepimne blade with 
| thandie (Week® (Exp 2) 3 









Table = —Ranking of Eight Techniques of Corneal Trephination Based on 
| Regularity of Trephine Opening* 


Round Total 
Epithelial of Angles Regularity 
Side Areund Edge Score 





{Exp 5) 1 


6 1 10 
Motor trepnine (© euder) with 
blade still (Exc 9) 4 2 3 9 
7 1 9 
Disposabletrepimne, IOP: 5 
mm Bg Exp | 5 1 2 8 







Minimal Variation 




















8 6 22 
5 4 16 
3 4 13 
4 5 11 








“Numbers indicate ranking order of 1 to 8. Higher rank number indicates greater regularity; 8, highest; 1, 


lowest. Exp indicate= experiment. 


intracapsular Ens extraction makes 
the eye more susceptible to deforma- 
tion with great=r protrusion of tissue 
inside the trepaine. This larger host 
opening explaims why many surgeons 
empirically usel a 0.5-mm oversized 
donor in aphak ¢ eyes. 

Effect of Suct#on Fixation.— Both the 
Hessburg-Barrmn and the Hanna tre- 
phines were suctioned onto the eye 
and therefore» mained perpendicular 
to the cornea sc that the blade cut the 
corneal lamellas at the same angle all 
around. This emplains the lower vari- 
ability of the angle in experiments 11 
and 12. Thefresstanding blade (exper- 
iment 7), while neither rotating nor 
suctioned, stooc perpendicular on the 
surface of the @rnea. 


Ovainess of Trephine Opening 


Effect of Tilting the Trephine.—The 
anterior surface was two to five times 
more round thaa the posterior surface 
in almost all experiments. This was 
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not surprising. Even though the cor- 
nea inside a centrally placed 7-mm 
trephine is approximately spherical’ 
and a round trephine will cut a fairly 
round button when it starts cutting, 
as asymmetric tissue resistance and 
tilting of the trephine occur during 
cutting, the button becomes more 
oval, especially at the posterior sur- 
face. Thus, in clinical practice when 
both the eye and the trephine on the 
end of a handle are tilted to see the 
incision, the uneven distribution of 
trephine weight and cutting can 
produce a more oval corneal opening. 

Effect of Preexisting Astigmatism.— 
Central corneal astigmatism that is 
induced by one or two silk sutures at 
the limbus disappears completely if a 
trephine weighing 15 g or more is 
placed on the center of the cornea. 
Therefore, it was not surprising that 
the measurements of the buttons tre- 
phined from highly astigmatic cor- 
neas and from spherical donor eyes 
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were comparable (experiment 4). 

Effect of Suction Ring.—It was sur- 
prising that stabilization of the globe 
with a Barraquer suction ring (experi- 
ment 10) made the opening more oval 
at both the epithelial and the endothe- 
lial sides. One possible explanation is 
that the increased IOP produced more 
tissue protrusion into the motorized 
trephine, so that when it became 
slightly tilted, the ovalness at the 
endothelial side was exaggerated. 
Because of these results, we discour- 
age the use of a fixation suction ring 
in penetrating keratoplasty. 


Recommendations for Trephining 
the Host Cornea 


We ranked the eight different tre- 
phines that we used, based on their 
ability to cut a round anteroposterior 
corneal opening. The smallest oval- 
ness and the lowest average variation 
of angles got the highest ranking (Ta- 
ble 3, Figs 4 and 5). The Hanna non- 
disposable razer blade suction tre- 
phine and the freestanding disposable 
trephine blade without a handle made 
the most uniform incisions, but both 
undercut the wound somewhat. These 
methods closely fulfill the four basic 
criteria for achieving a uniform host 
corneal opening": (1) good centration 
in the cornea®'; (2) maintaining the 
trephine perpendicular to the cornea 
throughout cutting; (3) minimizing 
protrusion of the cernea into the bar- 
rel of the trephine; and (4) the use of 
an exquisitely sharp blade edge. 

We did not study tissue factors, 
such as the ameunt of corneal edema 
and the thickness of the cornea, which 
also probably influence the configura- 
tion of the opening. 
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The Findings of Standardized Echography for 


Choroidal Folds 


Hatem R. Atta, MD, FRCS, Sandra Frazier Byrne 


è Twenty-four patients (31 eyes) with 
choroidal folds unassociated with orbital 
tumors were evaluated with standardized 
echography. Hypermetropia was the most 
commonly associated finding (eight 
eyes); in ten eyes, no consistent abnor- 
mal findings could be established. Among 
the less common causes were swelling of 
the optic nerve proper or the perineural 
sheaths and thickened extraocular mus- 
cles. Standardized echography demon- 
strated ocular changes, orbital changes, 
or both, in all but two patients (two eyes) 
with idiopathic folds. The most frequent 
findings were flattening of the posterior 
ocular wall (18 eyes), thickening of the 
retinochoroid layer (12 eyes), and disten- 
tion of the optic nerve sheaths (eight 
eyes). While fluorescein angiography is 
well established as the preferred method 
of demonstrating choroidal folds, stan- 
dardized echography may now be used to 
delineate the often subtle associated ocu- 
lar and orbital findings. 

(Arch Ophthalmol 
1241) 


1988; 106: 1234- 


horoidal folds are the characteris- 

tic fundus appearance of stria- 
tions in the posterior pole. They are 
normally arranged in parallel lines or 
grooves and are directed horizontally. 
This typical ophthalmoscopic finding 
was first reported by Nettleship' and 
has been aptly described by Norton,’ 
who also emphasized the importance 
of fluorescein angiography in high- 
lighting this condition. The various 
conditions causing or associated with 
choroidal folds have been well 
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described in the literature, and the 
possible mechanisms for their devel- 
opment have also been examined. A 
complete review of this subject may 
be found in a publication by Spen- 
cer.’ 

Choroidal folds are known to be 
associated with orbital tumors.** Of 
greater interest, however, are those 
folds occurring in otherwise asymp- 
tomatic patients and in patients who 
do not have orbital tumors. In these 
patients, it may be difficult to estab- 
lish the cause and undertake the 
appropriate course of management. 

Standardized echography, a unique 
form of ophthalmic ultrasonography 
that was pioneered and developed by 
Dr K. C. Ossoinig, is well established 
as a reliable means of detecting and 
differentiating a large variety of ocu- 
lar and orbital lesions.’”® It would 
therefore follow that this method may 
be suitable in evaluating the ocular 
and orbital findings associated with 
choroidal folds. 

Standardized echography requires 
specific instrumentation, examination 
techniques, and examiner skill.”!° 
Appropriate instrumentation includes 
standardized A scan (currently, the 
Kretztechnik 7200 MA or Ophthascan 
S), high-resolution contact B scan (eg, 
Ultrascan or Ophthascan), and, occa- 
sionally, a simple, nondirectional 
Doppler unit. Systematic examination 
techniques include the basic examina- 
tion for lesion detection, followed by 
special examination techniques (ie, 
topographic, quantitative, and kinetic 
echography) for lesion differentiation 
and measurement. The examiner (ie, 
ophthalmic echographer) should be 
skilled in the appropriate use of 
instrumentation and examination 
techniques." 

There are few published studies 
that examine the role of ultrasonogra- 
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phy in the examination of choroidal 
folds.*!*"* Cappaert and coworkers” 
described the B-scan findings in seven 
patients with “benign choroidal 
folds.” Their methods utilized only the 
immersion B-scan technique, with 
scans obtained solely in horizontal 
axial section (through the lens). 

Standardized echography is the 
method of choice in addressing the 
ophthalmic findings in patients with 
choroidal folds. Patients with orbital 
tumors have been intentionally ex- 
cluded from this study to focus on the 
other conditions that are often associ- 
ated with choroidal folds. 


PATIENTS AND METHODS 
Patients 


In this retrospective study, the echo- 
graphic and medical records of patients 
with choroidal folds who had undergone 
echography at the Bascom Palmer Eye 
Institute (between 1980 and 1986), Miami, 
were analyzed. Twenty-four patients were 
reported to have choroidal folds unasso- 
ciated with orbital tumor. Seven patients 
had bilateral presentation, and 17 patients 
had a unilateral presentation, for a total of 
31 eyes. Thirteen men and 11 women (me- 
dian age, 52 years; range, 21 to 81 years) 
participated in the study. 

The presenting symptoms and refractive 
state were documented, and data from 
complete ophthalmic and ultrasound 
examinations were analyzed for all 
patients. Fluorescein angiography was 
performed in 17 patients. Eleven patients 
underwent computed tomographic scan- 
ning, and one patient underwent magnetic 
resonance imaging. 


Echographic Examination 


The orbit was first examined. The orbit- 
al cavity was screened with standardized A 
scan to exclude an orbital mass. Standard- 
ized A-scan measurements were then 
obtained of rectus muscle and optic nerve 
thickness. Contact B scan was occasionally 
used to document abnormalities such as 
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Fig 1.—Case 1. Top left and top right, Fundus photographs. In left eye there are numerous fine, horizontal foldsan macular 
area amd coarse, regular folds nasal to disc. Only four folds radiating from disc are present in right eye. Note also 
hypermetropic appearance of left disc as compared with right. Bottom left and bottom right, Fluorescein angiograms. Left eye 
shows: typical appearance of choroidal folds. Hyperfluorescent lines correspond with crests, while hypofluorescent lines 
corressond to valleys of folds. In right eye, four curved hyperfluorescent lines are seen radiating from disc..Appearance is 
similar to breaks in Bruch’s membrane as seen in angiaid streaks. 


gross enlargemen: of extraocular muscles 
and optic nerves. 

Next, the globe was evaluated with stan- 
dardizec A scan and contact B sean. Stan- 
dardizec A scan was used for biometry (ie, 
measurements) > axial eye length and 
retinochoroic layer thickness. Contact B 
scan was employed for the assessment and 
documentation of topographic changes (ie, 
contour of posterior ocular wall, documen- 
tation of retinoehoroid layer thickening, 
and elevation of the optic dise). Both stan- 
dardized A scan and contact B scan were 
used to exclude optic disc drusen. 


REPOFT OF CASES 


Case 1.—A 48-year-old man presented 
with a four-year history of gradual, pain- 
less, neduced visual acuity in the left eye. 
Increasing hypermetropia had been noted 
by his optometrist. He had no history of 
othereye disease; the medical and family 
history were normal. 

On examination, his visual acuity was 
20/20 OD and 20.200 OS without correc- 
tion. His refraction OD was +3.00 (20/15), 
and refraction OS was +5.00 (20/40). Ex- 
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ternal and slit-lamp examination showed 
no abnormalities. and the visual fields were 
full. On fundus examination, the left optic 
disc appeared hyperemic and small, and 
there were choroidal folds that radiated 
from the optic disc into the macular area, 
with concentric, irregular folds surround- 
ing the optic disc, predominately nasally 
(Fig 1, top right and bottom right). The 
folds were in the internal limiting mem- 
brane, Bruch’s membrane, and the choroid. 
The retinal vessels, peripheral fundus, and 
vitreous appeared normal. In the right eye, 
four curved folds radiated from the optic 
disc (Fig 1, top left and bottom left). 

Fluorescein angiography (Fig 1, top 
right and bottom right) clearly demon- 
strated the typical angiographic pattern of 
choroidal folds in the left eye, while the 
pattern in the right eye resembled that of 
angioid streaks. Slight mottling of the 
retinal pigment epithelium was also noted 
in the left macula. 

Echography (Fig 2) (B-scan examina- 
tion) showed flattening of the posterior 
ocular wall in the left eye as compared 
with the right eye. Focal thickening of the 
retinochoroid layer and shortened axial 


length were also detected in the left eye 
with standardized_A scan. The optic nerves 
and extraocular musctes were within nor- 
mal limits and symmetrical between the 
two orbits. A diagnosis of hypermetropia 
was made. 

CASE 2.—A 43-year-old woman fell and 
struck the left sice of her head against a 
cash register. Three days later, there was a 
sudden loss of viswal acuity in the left eye. 
Eleven days after the injury, her visual 
acuity was 20/25 OD and 20/200 OS with- 
out correction. Refraetion OD was —0.25 
+0.75 X 25° (20/20), and refraction OS was 
—0.50 (20/200). External examination 
showed left upper eyelid swelling (Fig 3). 
Hertel exophthalmometry disclosed re- 
sults of 15 mm OD and 19.5 mm OS. 
Abduction was linzited in the left eye with 
diplopia. Slit-lamp examination revealed 
chemosis of the temporal bulbar conjuncti- 
va and resolving subeonjunctival hemor- 
rhage in the left eye. Applanation tonome- 
try gave a result of 17 mm Hg OU. Fundus 
examination findings were normal in the 
right eye, but a preminent elevation of the 
superotemporal fundus was noted in the 
left eye (Fig 4). In addition, deep, coarse 
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Fig 2.—Case 1. Photoechograms of same patient as in Fig 1. Top, Horizontal axial B-scan 
sections. Note more prominent flattening of left ocular wall, especially nasal to disc (arrow). 
Bottom, Standardized A scan at lower sensitivity demonstrating thickening of left retinochoroid 
layer as compared with right (2.1 mm vs 1.0 mm). R indicates retina; S, sclera. Axial length of left 
eye (22.4 mm) is also shorter than right (24.0 mm), based on average sound velocity of 1550 


m/s. 








Fig 3.—Case 2. External photograph showing eyelid swelling and subconjunctival hemorrhage on 
left; 4.5 mm of proptosis of left eye was also present. 


choroidal folds were noted running in a 
parallel curvilinear fashion. They radiated 
from the fundus elevation and involved the 
disc and macular areas. No other fundus 
abnormalities were noted. 

Echography (Fig 5) disclosed marked 
indentation of the superotemporal globe 
wall. Adjacent to ths indentation was a 
large pocket of orbital hemorrhage sur- 
rounding a linear-shaped orbital foreign 
body. Thickening of the retinochoroid lay- 
er was also evident in the macular area. 
Subsequent radiologic examination dem- 
onstrated a fracture in the lateral orbital 
rim and a bony fragment lodged in the 
orbital cavity. The patient was diagnosed 
as having orbital hemorrhage secondary to 
blunt trauma. 
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CASE 3.— A 54-year-old man had a four- 
year history of primary open angle glauco- 
ma. One year prior to our echographic 
examination, he underwent bilateral tra- 
beculectomies. Postoperatively, the intra- 
ocular pressure OS was noted to remain 
low, in the range of 7 to 8 mm Hg, as 
compared with 16 mm Hg OD. The patient 
complained of a recent gradual reduction 
of visual acuity in the left eye. 

On examination, visual acuity was 20/30 
OD and 20/200 OS without correction. 
Refraction OD was —2.00 +1.50 Xx 55° (20/ 
25), and refraction OS was -—2.25 
+1.50 X 85° (20/200). External examina- 
tion findings were normal except for an 
afferent pupillary defect in the left eye. 
Slit-lamp examination showed a small dis- 
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crete bleb at the superior limbus of the 
right eye and a very diffuse, large, and 
shallow bleb in the left eye. The anterior 
chambers appeared normal and equally 
deep. Anterior and posterior subcapsular 
opacities were noted in the left lens. Ten- 
sion, determined using applanation tonom- 
etry, was 16 mm Hg OD and 10 mm Hg OS. 
Gonioscopy showed wide open angles in 
both eyes. Funduscopy demonstrated 
marked disc cupping (worse in the left eye) 
and fixed choroidal folds running horizon- 
tally across the left macular area. Visual 
fields showed a superior depression with a 
superior nasal step in the right eye and 
total loss of superior field and loss of 
fixation in the left eye. 

Echography (Fig 6) disclosed diffuse 
thickening of the retinochoroid layer pos- 
teriorly in the left eye (2.0 mm OS vs 1.5 
mm QOD). Additionally, there were 360° 
shallow peripheral choroidal and ciliary 
body detachments. A diagnosis of postop- 
erative hypotony was made. 

CASE 4.—A 36-year-old man had a one- 
year history of gradual, painless reduction 
of visual acuity in the left eye. Three 
months prior to the onset of symptoms, he 
was struck on the left eye by a wheelbar- 
row. There was no history of other eye 
disease; his medical and family history 
were normal. 

On examination, his visual acuity was 
20/15 OD and 20/50 OS without correction. 
Refraction in the right eye was plano (20/ 
15), and refraction OS was +5.50 (20/30). 
No defect was found on Amsler grid, visual 
field, or color testing. However, the patient 
noted about a 50% reduction of brightness 
of light with the left eye. His pupils were 
equally reactive, with no afferent pupillary 
defect. Ocular motility was full, and 2.5- 
mm proptosis of the left eye was noted. 
Slit-lamp examination results were nor- 
mal, and applanation tonometry gave a 
result of 13 mm Hg OU. Fundus examina- 
tion disclosed that the right eye was 
entirely normal. In the left eye, deep, pre- 
ponderantly horizontal choroidal folds 
were noted in the macular area (Fig 7). The 
optic disc appeared normal and symmetri- 
cal with the right disc. There was no 
evidence of inflammatory reaction in the 
vitreous or retina. 

A computed tomographic scan (Fig 8) 
demonstrated enlargement of the left optic 
nerve, mainly in the immediate retrobul- 
bar area. Enhancement of both optic nerve 
sheaths was also noted after contrast 
injection. No orbital mass was found. 

Echography (Figs 9 and 10) showed flat- 
tening of the posterior ocular wall, evident 
in B-scan echograms of the left eye. B 
scans and standardized A scans also 
showed marked enlargement of the left 
optic nerve. A positive 30° test with the 
standardized A scan confirmed sheath 
distention due to increased subarachnoid 
fluid." 

As a result of the above findings, the 
tentative diagnosis of atypical optic neuri- 
tis or meningioma was made, and the 
patient was followed up. Two years later, 
visual acuity OS had improved to 20/20 
with +1.00 correction, but the choroidal 
folds and hypermetropia persisted. An- 
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other echographic examination indicated RESULTS gradual decrease in visual acuity was 


no change m the flattening of the posterior th i 

7 e most common pr - 
ocular wall but complete resolution of the Table 1 summarizes the presumed plaint. Some “pata sana ie ară 
optie nerve swelling, with normal findings causes and associated abnormalities more than he mot P Th t 
from a 30° test (Fig 11). in choroidal folds in the 31 eyes. A EAP ee 


ing symptoms are summarized in 
Table 2, and tħe visual acuities are 
given in Table 3. 

Included in the idiopathic and larg- 
est group (ten eyes) are two myopic 
and three slightly hypermetropic eyes 
(<+3.00). Table 4 summarizes the 
refractive error im these patients. 
Also included in this group are both 
eyes of one patient who had slight 
echographic thickening of the extra- 
ocular muscles, although biochemical 
studies did not demonstrate abnormal 
thyroid function. In the remaining 
three patients in this group, no other 
associated ocular conditions could be 
found. After the idiopathic group, 
hypermetropia was the second most 
commonly associated factor with cho- 
roidal folds (eight eyes). The refrac- 
tive error in this group is given in 
Table 5. 


Echographic Findings 


Ocular.—The eontour of the posteri- 
or ocular wall was normally evaluated 
with B scan in three planes—the ver- 
tical axial, horizontal axial, and verti- 
cal section through the macula. Flat- 





Fig 4.—Case 2. Fundus photograph of left eye. Prominent elevation of superotemporal fundus is : - 
demorstratee. Coarse folds are clearly seen radiating from elevation in concentric waves and tening of the posterior ocular wall was 
involving disc and macular area. the most commen abnormality noted 


Fig 5.—Case 2. Top left, B scan showing marked indentation of globe 
wall with large bony:spicule (arrow) surrounded by orbital hemorrhage. 
Bottom left, Standardized A scan of same area (at tissue sensitivity). 
Highly sefiective spike (arrow) is produced by bony fragment. Note also 





reduces height of orbital spikes behind foreign-body signal, indicative Fig 6.—Case 3. Photoechograms of left eye. Top left, Vertical macular 
of orbita! hemorrhage and sound attenuation. Top right, Vertical B scan showing thickened retinochoroid layer in macular area. Bottom 
macular sectien demonstrating thickening of retinochoroid layer. Bot- left, Maximal thickness on standardized A scan of 2.0 mm. R indicates 
tom rint. Standardized A scan showing retinochoroid layer thickness retina; S, sclera. Top right and bottom right. Shallow, peripheral 
of 2.9 mm. R indicates retina; S, sclera. choriociliary detachments are shown (arrows). 
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Fig 7.—Case 4. Fundus photograph of left eye demonstrating both fine 
and coarse, deep choroidal folds running horizontally in papillomacular 
bundle but in more radiating pattern temporal to macula. Superficial 
retina, vitreous, and optic disc appear normal. 








A TE nm 


Fig 9.—Case 4. Top, Horizontal axial B scans demonstrating flattening 
of posterior globe wall in left eye as compared with right. Bottom, 
Marked enlargement of left optic nerve (S indicates sheaths) measuring 
6.3 mm as compared with 3.1 mm on right. 





Fig 8.—Case 4. Axial computed tomographic scan through both orbits 
shows thickening of retrobulbar optic nerve on left as well as mild 
flattening of globe wall as compared with right. Remainder of orbital 
contents appears normal. 





Fig 10.—Case 4. ‘‘The 30° test.” Left, Maximal diameter of optic nerve 
in primary gaze. B scan demonstrating gross width (arrow). Standard- 
ized A scan provides exact measurements between perineural sheaths 
(S) (maximal width, 6.6 mm). Right, Maximal diameter of optic nerve in 
30° abducted gaze. B scan suggests reduction in nerve size (arrow). 
Standardized A scan provides precise measurements of diameter (4.4 
mm). 


(18 eyes). Flattening was found most 
frequently in the horizontal axial 
plane (13 eyes). Indentation was more 
prominent in the vertical plane in five 
eyes, while in one eye both planes 
showed equal degrees of indentation 
(Table 6). 

Thickening of the retinochoroid lay- 
er was measured with standardized A 
scan using a low (measuring) sensitiv- 
ity. Retinochoroid layer thickness was 
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compared with that of the normal 
fellow eye. A thickness of more than 2 
mm was considered abnormal. Thick- 
ening was detected posterior to the 
equator in 11 eyes and also involved 
the extreme periphery in the one 
hypotonous globe (case 3). 

Axial eye length was measured with 
standardized A scan using the contact 
method of measuring sensitivity (ac- 
curacy +0.5 mm). Nineteen eyes were 
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measured, of which eight (42%) were 
shorter than the fellow eye. 

The contour and reflectivity of the 
optic disc were assessed with stan- 
dardized A scan and B scan. Begin- 
ning with high sensitivity, the optic 
disc was first displayed with B scan. 
Sensitivity was then markedly re- 
duced to determine if any highly 
reflective echoes persisted from the 
optic disc. Next, this procedure was 
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Fig |1.—Case 4 Photoechograms of left 
optic nerve two years after initial examination. 
Note normal appesrance of nerve that mea- 
sures 3.1 mm. Arrow indicates gross width of 
optic nerve; S, pesimeural sheaths. 


repeated with standardized A scan 
using a more obl que sound beam inci- 
dence (fer optimal display of the for- 
eign body-like drusen). 

All four patients with disc edema 
had inereased subarachnoid fluid 
within the retrobulbar optic nerve, as 
deteeted by sandardized A-scan 
examination. 

One patient wath bilateral choroidal 
folds in the macular region had an 
8.6-mm elevatec melanoma in the 
inferotempoeral periphery of the right 
eye. The cause ot folds in this patient 
was attributed to flattening of the 
posterior ocular wall. Another finding 
was shallow choniociliary detachment 
in the peripheral fundus of the patient 
with hypoteny. 

Orbital.—The ciameter of the optic 
nerve was measured precisely with 
standardized A sean. Distention of the 
optic nerve shesths was the most fre- 
quent orbital fimling. Maximal optic 
nerve thickness was first determined 
with the patient fixating in primary 
gaze. Measurements were then re- 
peated with the patient fixating 30° 
toward the prebe to determine if 
increased subarachnoid fluid was 
present. When flaid was present, the 
optic nerve echegram narrowed by 
more than 10% {often up to 25% and 
more), whereas E solid thickening of 
the optie nerve proper or the perineu- 
ral sheaths were present, no substan- 
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Optic nerve disorders 
Optic neuritis 


Disc edema 


Optic nerve sheath distention 
(unknown cause) 


Thyroid eye disease 


* Orbital tumors excluded. 


Table 2.—Presenting Symptoms in 24 
Patients With Choroidal Folds * 


No. of 
Symptom Patients 
Visual disturbance 
Gradual 
decrease of 
vision 
Sudden 
decrease of 
vision 
Dyschromatopsia 
Metamorphopsia 
Central scotoma 
Asymptomatic 
Eyelid swelling 
Diplopia 
Proptosis 
Trauma 





*Some patients had more than one symptom. 


Table 3.—Best Corrected Visual Acuity 
in 31 Eyes With Choroidal Folds 


Visual Acuity No. (%) of Eyes 


15 (47) 
7 (22) 
4 (12) 
6 (19) 


20/20-20/40 
20/50-20/70 
20/80-20/ 100 
20/200 or worse 





tial width change was observed. 

The 30° test results were abnormal 
for eight orbits: two hyperopes, both 
orbits of one patient with thyroid eye 
disease (class VI,‘ with optic nerve 
involvement), two optic neuritides, 
one disc edema, and one orbital cellu- 
litis. 

Enlargement of the extraocular 
muscles was the second most preva- 
lent finding in the orbital examina- 
tion. Maximal thickness of the extra- 
ocular muscles was measured with 
standardized A scan as the patient 
fixated in primary gaze (to allow mus- 


Table 1.—Ocular and Orbital Conditions Associated With Choroidal Folds * 


Idiopathic 10 32.3 
Mild hypermetropia (<+3.00) 3 
Myopia 2 
Suspected thyroid eye disease 2 
No other finding 3 


Hypermetropia (+3.00 or more) 25.8 


Orbital cellulitis 1 3.2 
Total 31 100 










8 
6 19.4 
3 
2 
1 ee 
3 9.7 








Table 4.—Refractive State in Four 
Patients * 


Axial 
Length, 
mm Refraction 
~ Eyes With 
L Folds 
28.4 27.9 —3.00 
2 24.7 24:7 > —6.75 
3t ee S +1.50 
4t L DPE +2.50 





* Two patients with myopia and two patients with 
mild hypermetropia @K+3.00). The folds in these 
patients were considered idiopathic in origin. 

tAxial length not measured. 


Table 5.—Re*ractive State in Eight 
Eyes With Choroidal Folds 


Eyes With 
Folds 


+4.00 
Plano 


—0.50 
+5.50 
+3.00 +5.00 
+250 +3.50 
+4.00 +6.00 





* Associated with hypermetropia. 


cle relaxation). The probe was posi- 
tioned opposite the muscle to be dis- 
played, with the sound beam directed 
perpendicular te the sheaths at the 
point of maxima! thickness. Extraocu- 
lar muscle thickening was found in 
both orbits of one patient with idio- 
pathic folds, three orbits of two 
patients with thyroid eye disease, and 
one orbit of a patient with scleritis. 


Other Findings 


One patient with suspected thyroid 
eye disease (in the idiopathic group) 
was found to heve erbital soft-tissue 
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Table 7.—Ocular and Orbital Findings 
With Standardized Echography in 31 Eyes 


Ocular 


Table 6.—Association Between Diagnosis, Pattern of Folds, and B-Scan Appearance of 
Globe Indentation — 


No. of Eyes 
With Folds 
in Other 
Direction 


No. of Eyes 
With Horizontal 
Folds Temporal 

to Disc 


B-Scan Plane 
of Maximal Globe 
Indentation 


18 (56) 
8 (42) 

12 (38) 
6 (19) 
2 (6) 


Flat contour 

Short axial length 

Retinochoroid thickening 

Disc edema 

Myopia 

Choroidal or ciliary body 
detachment 1 (3) 

Choroidal melanoma 1 (3) 

Orbital 

Distention of optic nerve 
sheaths 

Enlarged extraocular 
muscles 6 (19) 

Orbital soft-tissue swelling 2 (6) 

Optic nerve swelling 1 (3) 

Orbital hemorrhage / 


Diagnosis 


Hypermetropia Sate Horizontal 
Idiopathic mad Horizontal 


Optic nerve sheath Horizontal 
distention 


Vertical 


i 5 
i 4 
vertical 
1 
F 2 


—vertical, nasal, 
and temporal to disc 


Disc edema 1 M Horizontal 
_ Scleritis 1 T Vertical 


Trauma 1— concentric from Vertical 
i globe indentation 


Optic neuritis 
8 (25) 


swelling that was detected with stan- 
dardized A scan by observing a wid- 
ened orbital fat pattern obtained from 
the retrobulbar space. 

One patient with orbital cellulitis 
had a solid infiltration within Tenon’s 
space behind the area of folds. This 
region was noncompressible and 
medium reflective on standardized A 
scan. Table 7 gives the ocular and 
orbital findings from standardized 
echography. 


COMMENT 


Our series of patients yields a vari- 
ety of conditions that are associated 
with choroidal folds. Excluding orbit- 
al tumors, our group was similar to a 
large study of 53 patients reported by 
Cangemi and coworkers.” The idio- 
pathic and hypermetropic categories 
are the largest in our series as in 
theirs. 

Each of the four cases detailed in 
our study demonstrates a different 
cause of choroidal folds. Case 1 is an 
example of primary hypermetropia. 
No mass was found behind the globe, 
yet there was mild but definite echo- 
graphic flattening of the posterior 
ocular wall with retinochoroid thick- 
ening. Interestingly, the angiographic 
appearance of the folds in the less- 
hypermetropic right eye appeared 
similar to angioid streaks with breaks 
in Bruch’s membrane. This finding 
was similar to that in a case report by 
Norton? in his original article on the 
characteristics of fluorescein angiog- 
raphy and choroidal folds and in 
another report by Friberg and 
Grove.‘ 

In case 2, echography was valuable 
in distinguishing between intraocular 
mass and marked indentation of the 
ocular wall as a cause of fundus eleva- 
tion. The globe was hypotonous in 
case 3, and echography disclosed dif- 


fuse choroidal thickening and 360° 
detachment of the ciliary body. 

In case 4, a final diagnosis was not 
definitely reached. At the initial pre- 
sentation, optic nerve sheath menin- 
gioma or optic neuritis was thought 
to be the most likely diagnosis, but 
the clinical presentation and echo- 
graphic changes on follow-up were 
unusual. The patient’s visual acuity 
improved, and another standardized 
A-scan examination demonstrated 
resolution of the optic nerve sheath 
swelling. Other uncommon causes of 
optic nerve sheath distention to be 
considered in this patient are optic 
nerve sheath arachnoid cyst and “per- 
ioptic subdural hygroma,” as de- 
scribed in a case report by Smith and 
coworkers."* 

While our study agrees with oth- 
ers?!" that hypermetropia is a fre- 
quent cause of choroidal folds, two of 
our patients were myopic. In both 
instances, echography demonstrated 
flattening of the posterior ocular wall 
in the eyes with the folds, but there 
was no hypermetropic shift. In both 
patients, the myopia was attributed to 
increased axial eye length. Cangemi 
and coworkers” also found myopia in 
six eyes with folds (11% ), but they did 
not postulate a pathogenesis. 

We examined the morphologic pat- 
tern of choroidal folds on color photo- 
graphs and fluorescein angiography 
in an attempt to relate the direction 
and thickness of these folds to their 
causes, but no association was found. 
In 13 eyes, the folds appeared to run 
only in a horizontal fashion, particu- 
larly when present in the area of the 
papillomacular bundle. Less frequent- 
ly, the folds appeared to run concen- 
trically away from the optic nerve 
head, especially nasally or in a line 
radiating temporal to the macula. In 
only one patient (with bilateral cho- 
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foreign body 1 (3) 
Tenonitis 1 (3) 


Table 8.— Other Angiographic Findings 
Present With Choroidal Folds 






















Angiographic No. of 
Findings Eyes 
Macular retinal pigment 
epithelium changes 4 
Epiretinal membrane 3 
Central serous 
retinopathy 1 
Breaks in Bruch's 
membrane 1 
Choroidal neovascular 
membrane 


roidal folds in the idiopathic group) 
did folds run exclusively in a vertical 
direction in the temporal posterior 
pole. 

Most previous studies agree that 
the direction of the folds carries no 


diagnostic value.**!® Friberg and 
Grove,’ however, found a difference 
between the choroidal folds pattern 
associated with intraconal tumor and 
that associated with extraconal 
tumor, with the intraconal tumor pro- 
ducing folds radiating from the disc 
and the extraconal tumor producing 
concentric folds with the convex side 
directed toward the optic disc. 

Fluorescein angiography, as previ- 
ously demonstrated, was an impor- 
tant method of diagnosing choroidal 
folds in our series. It not only high- 
lighted the folds and differentiated 
them from retinal striae but also dem- 
onstrated folds that were not very 
apparent ophthalmoscopically. Other 
angiographic findings associated with 
choroidal folds are summarized in 
Table 8. 

The most important echographic 
finding in our series was the flatten- 
ing of the posterior ocular wall. This 
was most evident in the horizontal 
axial plane, which may relate to the 
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tendency of the folds to run horizon- 
tally (Table 6. Thickening of the reti- 
nochoroid laper was the second most 
common echagraphic finding. This is 
in agreement with previous histologic 
studies that showed thickening of the 
retinechoroid layer.” 

The finding of increased subarach- 
noid fluid im the retrobulbar optic 
nerve in cases of papilledema (as evi- 
dent with the 30° test) also confirms 
the hypothesis in other studies as to 
the mechanism of choroidal folds 
associated with papilledema. Bird and 
Sangers” coneluded that distention of 
the aptic nerve sheath acts as a space- 
occupying lesion that causes dispro- 
portion between the ocular contents 


1. Nettleship E. Peculiar lines in the choroid in 
a casesof pest-papillitic atrophy. Trans Ophthal- 
mol Sec UF 1883-84-4:167-168. 

2. Norten EWD: A characteristic fluorescein 
angiographic pattern in choroidal folds. Proc R 
Soc Med 1969;62:11 9-128. 

3. Spencer WH Ophthalmic Pathology, ed 3. 
Philadelphia, WBSaunders Co, 1986, p 2024. 

4. Friberg TR, Grove AS Jr: Choroidal folds 
and refractive errers associated with orbital tu- 
mors: An analysis. Arch Ophthalmol 1983; 
101:59%-603. 

5. Reese AB: Tumors of the Eye, ed 2. New 
York, Hoeber, 1953, p 530. 

6. Newell FW: Choroidal folds. Am J Ophthal- 
mol 1973;75:930-942. 

7. Ossoimg KC: Standardized echography: 
Basic principles, clinical applications, and 
results. Int Ophthalmol Clin 1979:19(4):127-210. 

8. Byrne SF, Glaser JS: Orbital tissue differ- 
entiation with standardized echography. Oph- 
thalmolegy 1983;90:1071-1090. 

9. Ossoinig KC: Advances in diagnostic ultra- 
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and the scleral surroundings. Also, 
Smith and coworkers" confirmed the 
presence of raised cerebrospinal fluid 
pressure in the optic nerve sheath. 

Our echographic findings suggest 
that choroidal folds may be produced 
by any of the following mechanisms: 
(1) scleral shertening as in primary 
hypermetropia; (2) choroidal thicken- 
ing as in scleritis, trauma, or hypoto- 
ny; and (3) enlargement of various 
retrobulbar orbital structures, such as 
the optic nerve, the extraocular mus- 
cles, or Tenon’s space. 

The observation that in ten of the 31 
eyes no definite cause for folds could 
be established indicates the need for 
careful patient follow-up. 
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The Response of Diabetic Retinopathy to 41 Months of 


Multiple Insulin Injections, Insulin Pumps, and 


Conventional Insulin Therapy 


Olaf Brinchmann-Hansen, MD; Knut Dahl-Jg¢rgensen, MD; Kristian F. Hanssen, MD; Leiv Sandvik, MSc 


@ Forty-five diabetic patients were ran- 
domized and treated with continuous sub- 
cutaneous insulin infusion (CSIl), multiple 
insulin injections (MI), or conventional 
insulin treatment (CIT) for 41 months. 
Near-normoglycemia was obtained with 
CSIl and MI but not with CIT. A transient 
increase in microaneurysms and hemor- 
rhages was seen at three months in CSIl- 
treated patients. After 41 months, a mod- 
erate progression in microaneurysms and 
hemorrhages was registered, as as- 
sessed from fundus photographs, in all 
treatment groups. Fluorescein angio- 
grams indicated a tendency (not statisti- 
cally significant) to retarded progression 
of retinopathy in MI- and CSlil-treated 
patients compared with ClT-treated 
patients. Soft exudates developed after 
three to six months of rapid tightening of 
metabolic control in 50% of patients on 
CSIil and MI regimens. Those patients who 
had soft exudates had a slower progres- 
sion of retinopathy three years later than 
those who did not develop soft exudates. 
Transient progression of retinopathy may 
be related to fluctuations in blood glucose 
levels, although a favorable effect of long- 
term improved metabolic control was not 
documented. 

(Arch Ophthalmol 
1246) 


1988; 106: 1242- 


ox present knowledge of the natu- 
ral history of progression of reti- 
nopathy in insulin-dependent diabetes 
is founded on observations in patients 
treated with one or two daily injec- 
tions. New modes of intensified insu- 
lin treatment (multiple injections and 
pumps) will now, for the first time, 
enable us to study the effects of long- 
term metabolic control of near-nor- 
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moglycemia. The rapidly growing use 
of these new regimens is based on a 
common belief: a better metabolic 
control will reduce the late complica- 
tions of the disease. 

So far, however, the overall results 
of various long-term studies have not 
given us reason to rewrite the history 
of progression of the various lesions of 
diabetic retinopathy. Furthermore, 
the worsening of retinopathy, seen 
when initiating intensified treat- 
ment,'> may also have negative long- 
term effects. 

We present the 41-month results of 
a controlled, prospective trial, ie, the 
Oslo study,** which compared conven- 
tional twice-daily insulin injections 
with multiple injections and with 
insulin pump treatment. In this study, 
half of the patients who were treated 
with multiple injections and insulin 
pumps developed ischemic lesions 
(soft exudates) after three to six 
months of rapid lowering of the blood 
glucose level.* The long-term conse- 
quences of this worsening of retinopa- 
thy are also evaluated. 


PATIENTS AND METHODS 
Patients 


Forty-five insulin-dependent diabetic 
patients were included in the study.’ They 
fulfilled the following criteria: age between 
18 and 45 years; diabetes before 30 years of 
age; duration of the disease more than six 
and less than 30 years; no clinical signs of 
nephropathy (Albustix [Ames], negative; 
serum creatinine level, <150 uwmol/L) or 
systemic hypertension (diastolic blood 
pressure, <100 mm Hg after ten minutes 
of rest in a seated position); and no history 
of neuropathy. For all patients, tests were 
negative for C peptide (<0.1 nmol/L six 
minutes after administration of 1 mg of 
glucagon chloride intravenously). Patients 
with proliferative retinopathy were not 
included. 

The participants used two injections of 
insulin before the start of the study. They 
were randomly divided into three treat- 
ment groups: (1) conventional insulin 
treatment (CIT) twice daily (n = 15); (2) 
multiple insulin injections (MI) four to six 
times daily (n = 15); and (8) continuous 
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subcutaneous insulin infusion (CSII) by 
use of insulin pumps (n = 15). For group 
balancing, a computerized matching of 
clinical background characteristics (Table 
1) and retinopathy (Table 2) was per- 
formed. The one eye (the primary eye) with 
the best visual acuity or the smallest 
refractive error, or both, was selected for 
fluorescein angiography. A random selec- 
tion was performed if no differences were 
found. Visual acuities were 20/20 in all 
primary eyes. Reduced acuities (20/25) 
were present in the second eye in two 
patients, one due to macular diabetic ede- 
ma and the second to amblyopic anisome- 
tropia. 


Methods 


Metabolic control was estimated by a 
“stable” hemoglobin A, value (the agar gel 
electrophoresis method with a normal 
range [+2 SDs] of 5.4% to 7.6%’). The 
hemoglobin A, value was determined every 
month for the first year and every second 
month thereafter. In a two-month period, 
before the randomized treatment started, 
home blood glucose monitoring was intro- 
duced. 

Diastolic and systolic blood pressures 
were measured by auscultation after five 
minutes of rest in the seated position; the 
measurements were performed at the eye 
examinations. The serum creatinine level 
was measured by an autoanalyzer (SMAC 
II, Technicon), and this measurement was 
performed every month for the first year 
and every second month for the rest of the 
study. 

The ophthalmologic examinations were 
performed at two months before random- 
ization (—two months), at the start (time 
0), and then after a mean of 3, 6, 12, 24, and 
41 months. The examinations included 
visual acuity, intraocular pressure (Gold- 
mann applanation tonometry), direct and 
indirect binocular ophthalmoscopy, slit- 
lamp biomicroscopy, and color fundus pho- 
tography of both eyes. Fluorescein angiog- 
raphy (5 mL of a 10% solution) was per- 
formed of the primary eye at every exami- 
nation. 

A 30° “standard” fundus photograph 
was produced by centering the photograph 
at one half the distance between the fovea 
and the temporal edge of the optic disc. In 
assessing retinopathy, we used a 45-area- 
magnifying grid that was applied directly 
onto the negative. Microaneurysms and 
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Treatment 
Group 
CIT 7/8 26 
(mn = 15) 
MI 7/8 26 
(nm = 15) 
CSit 
(nm = 15) 


Sex, Age, 









(18-36) 









(19-42) 





7/8 26 





(18-38) 






at TEEI 


Duration, 
mo 





152 
(81-240) 
154 
(81-250) 
153 
(77-280) 











Table 1.—Clinical Characteristics After Randomization to Three Treatment Groups* 


Mean (Range) 


Hemoglobin A4, 
% mm Hg 


9.5 125/78 












(7.6-14.6) (110-150/70-95) 
9.4 124/80 
(7.0-4 1.7) (110-140/60-95) 








10.1 
(8.0-12.9) 


123/81 








Blood Pressure, 










(110-160/70-100) 












‘Serum Creatinine Level, 
umol/L 
79 (0.9) 
(58-97) 
78 (0.9) 
(53-101) 
77 (0.9) 
(47-114) 


IOP, 
mm Hgt 


13.1 














(9-18) 












(9-18) 


L . . . r . . . . . mE . . ‘ . . ‘ 
IOP indicates imtraocular pressure; CIT, conventional insulin treatment; MI, multiple insulin injections: and CSIl, continuous subcutaneous insulin infusion. 


tBotn eyes. 


Tabie 2.—Grading of Retinopathy in Three Treatment Groups * 


Grade of Retimcpathyt 


Treatment Group, No. of Patients 





*CIT indicates conventional insulin treatment; MI, multiple insulin injections; and CSII, continuous 


subcuténeeus insulim infusion. 


tGrade 1 indicawes no microaneurysms or hemorrhages; grade 2, one to three microaneurysms or 
hemorrhages; grade 3. more than three microaneurysms or hemorrhages; and grade 4, more than three 


microaneurysms or hemorrhages and hard exudates. 


hemorrhages were counted as “red spots,” 
and two separate counting procedures were 
used. One set of data was produced by 
counting red spets that were “definitely” 
present, and the other set included both 
definite and “possible” red spots. The 
mean of the values from both eyes were 
used im each subject. The color photo- 
graphs were coded, and the counting of red 
spots was performed throughout the study 
by the ophthalmologist (O.B.-H.); the iden- 
tity of the patient, the treatment group, 
and the time of examination were 
unknown to the reader. Soft exudates were 
evaluated as present or not present. 

The angiographic frame with the late 
capillary to early venous phase was se- 
lected in each series, and an enlarged 
29 X 22.5-cm print was produced. We com- 
pared angiograms in each patient from the 
start ef treatment (time 0) and at 41 
months; the one- amd two-year results have 
previously been described in detail.*° The 
lesionseof retinopathy that were evaluated 
were microaneumysms and capillary non- 
perfused areas. A blind ranking was 
performed regarding the number of micro- 
aneurysms, ane a scale (improved, 
unchanged, and wersened) was used. Non- 
perfused areas were assessed by compar- 
ing capillary fluorescein areas in the 
enlarged prints. 


Statistical Analysis 


A two-sided Wileoxon rank-sum test was 
used towompare values between treatment 
groups, and a two-sided Wilcoxon signed- 
rank test was used to compare values with- 
in treatment groups. A logarithmic trans- 
formation was performed before evaluat- 
ing P values on the variable microaneu- 
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rysms and hemorrhages. The level of sig- 
nificance was chosen at 5%. 

Interobserver variability was evaluated 
by having both the ophthalmologist (O.B.- 
H.) and an ophthalmic technician grading 
retinopathy in 90 color photographs, sam- 
pled at baseline (time, —two months), and 
in the fluorescein angiograms (time 0 and 
41 months). The intraobserver variability 
was evaluated by regrading the same 90 
fundus photographs. Interobserver and 
intraobserver variability in the logarith- 
mic scale microaneurysms and hemor- 
rhages readings are expressed as concor- 
dance rates. 


RESULTS 


From the start of randomization to 
the last eye examination, the MI 
group was followed up for a mean of 
41 months (range, 21 to 47 months), 
the CSII group for 40 months (range, 
24 to 46 months), and the CIT group 
for 41 months (range, 24 to 48 
months). 

Due to severe hypoglycemia, one 
patient (MI group) was taken out of 
the study, while fluorescein angiogra- 
phy was omitted in another patient 
(CSII group) due to allergy. One 
patient (CIT greup) was pregnant at 
the time of the last eye examination 
(43 months), and the angiogram at 33 
months was used. An additional five 
women (one receiving CIT, one receiv- 
ing MI, and three on CSII regimens) 
had gone through pregnancies, and all 
pregnancies were within 24 to 41 
months of randomized treatment. 
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Table 3.—Changes in Retinopathy From 
Time of Randomization to 41 Months of 
Treatment Assessed From Fluorescein 

Angrograms * 


Treatment Group, No. of 
Patients 
—_ Ch 
CIT MI CSIil 
(n = 5) (n = 14)t (n = 14)t 
Improved 0) 1 2 
Unchanged 3 6 4 
Worsened 12 














*CIT indicates conventional insulin therapy; MI, 
multiple insulin injections; amd CSII, continuous sub- 
cutaneous insulin infusion. 

tOne patient was taben cut of the study because 
of severe hypoglycemias{Ml), and fluorescein angiog- 
raphy was omitted in one patient due to allergy 
(CSII). 


During the twe menths before ran- 
domized treatment, the average level 
of glucose control, hemoglobin A,, was 
significantly reduced in all treatment 
groups (P < .01) (Fig 1) due to home 
blood glucose menitoring. Near-nor- 
moglycemia was obtained during the 
first months after randomization in 
both intensified insulin regimens, and 
it was slightly better with insulin 
pumps than with MI (not significant). 
Both regimens were significantly bet- 
ter than CIT (P < .01), and this differ- 
ence was sustained throughout the 
course of the study (Fig 1). The fre- 
quency of home blood glucose moni- 
toring was reduced after the first 
year, and this caused a trend for an 
increase in the hemoglobin A, value in 
all groups after 12 months. 

The result of the counting of 
microaneurysms and hemorrhages 
was consistent whether we used the 
data that were definitely present or 
the data that also ineluded the possi- 
ble red spots. The definite and possi- 
ble red spots are presented in Fig 2. A 
transient worsening after three 
months of treatment was seen in the 
CSII group (P=.03). Through 41 
months of randomized treatment, a 
tendency of worsening was found in 
the CIT group (P = .06) and in the 
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=n 23° 6 12 24 


Time, mo 


Fig 1.—Metabolic control, hemoglobin A, + SEM, through course of 
study. Average level of hemoglobin A, was reduced in three groups 
from —two months to start of randomization (time 0) (P < .01). 
Additional metabolic improvement through 41 months in subjects using 
multiple insulin injections (MI) (squares) and continuous subcutaneous 
insulin infusion (CSIl) (circles) was significantly different from conven- 
tional insulin treatment (CIT) (triangles) (P < .01). 


CSII group (P = .08), but not in the MI 
group (P = .74). The changes in reti- 
nopathy (microaneurysms and hem- 
orrhages + SEM) from the time of 
randomization to 41 months were as 
follows: 0.6 + 0.3 in the CIT group; 
0.8 + 0.4 in the CSII group; and 0.1 + 
0.4 in the MI group. Between the 
treatment groups, these changes were 
not statistically significant (CIT vs 
CSII, P = .62; CIT vs MI, P = .48; and 
CSII vs MI, P = .26). 

The blind evaluation of fluorescein 
angiograms (ie, number of microaneu- 
rysms) from randomization to 41 
months of treatment is presented in 
Table 3. A retarded progression in 
retinopathy is indicated in MI- and 
CSII-treated patients, compared with 
CIT-treated patients, but the differ- 
ence was not statistically significant. 

Nonperfused capillary areas devel- 
oped in one patient who received CIT 
and in two patients who received MI, 
and these areas were not found in any 
subjects who received CSII. The non- 
perfused areas found in two CSII- 
treated patients at three and six 
months‘ were thus not present at 41 
months. 

Special attention was focused on 
patients who initially developed soft 
exudates after three to six months of 
intensified insulin treatment’ (Table 
4). Patients with soft exudates 
(n= 14), compared with those pa- 
tients without such exudates (n = 30), 
had more retinopathy at the start 
(P < .05), while they showed minimal 





Logarithmic Scale Microaneurysms 
and Hemorrhages 





12 24 41 


Time, mo 


Fig 2.—Changes in retinopathy using masked quantitative evaluation 
of color fundus photographs (both eyes) that counted microaneurysms 
and hemorrhages as ‘“‘red spots.” Data set that counted red spots both 
“definitely” and “possibly” present are shown. Logarithmic scale is 
used in presenting means + SEM for each treatment group. CIT 
indicates conventional insulin treatment (triangles); MI, multiple insulin 


injections (squares); and CSII, continuous subcutaneous insulin infu- 
sion (circles). Worsening of retinopathy in CSII group from start of 
randomization (time 0) to three months is statistically significant 
(P = .03). P values in retinopathy change from start of randomization 
(time 0) to 41 months as follows: CIT (P = .08), MI (P = .73), and CSIl 


(P = .06). 


changes in retinopathy (microaneu- 
rysms and hemorrhages) from ran- 
domization to 41 months of treatment. 
In patients without soft exudates, a 
worsening occurred (P < .05). 

The blind evaluation of fluorescein 
angiograms (Table 4) confirmed the 
findings from the color photographs 
(Table 5). Patients who initially devel- 
oped soft exudates showed a retarded 
progression of retinopathy (micro- 
aneurysms) at 41 months compared 
with participants who did not develop 
soft exudates. 

The effect of metabolic control on 
retinal changes, evaluated indepen- 
dently of the insulin regimen used, 
was also studied. Using the individual 
means of hemoglobin A, from ran- 
domization to 41 months, the partici- 
pants were divided into a “high” 
hemoglobin value (=9.5%, n = 23) 
and in a “low” hemoglobin A, value 
(<9.5%, n = 21) group. The counting 
of red spots (In microaneurysms and 
hemorrhages) showed an increase 
from 2.5 + 0.3 to 3.0 + 0.3 in patients 
with a high hemoglobin A, value 
(P < .01) and from 1.8 + 0.3 to 2.3 + 
0.3 in patients with a low hemoglobin 
A, value (P < .01). The difference in 
retinopathy between the groups at 
randomization was statistically sig- 
nificant (P = .05), while the progres- 
sion of retinopathy was not. 

We found no trend toward in- 
creased progression in retinopathy 
during pregnancies in the six pa- 
tients. 
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The intraobserver and interobserv- 
er variabilities in grading retinopathy 
from color photographs, summed for 
both eyes in each patient, were small. 
The ophthalmologist scored the same 
number of microaneurysms and hem- 
orrhages in 18 patients; there was a 
deviation of one microaneurysm or 
hemorrhage in seven patients, two 
microaneurysms and hemorrhages in 
five patients, and three microaneu- 
rysms and hemorrhages in one 
patient. That is, a deviation of three 
microaneurysms and hemorrhages or 
less was registered in 31 (69%) of 45 
patients. When including a deviation 
limit of six microaneurysms and hem- 
orrhages or less, a concordance rate of 
93% was obtained (42 of the 45 
patients). A slightly less intraobserv- 
er variability was registered by the 
ophthalmic technician. The concor- 
dance rate for interobserver variabili- 
ty was as follows: the same score in 16 
patients; a deviation of one micro- 
aneurysm or hemorrhage in seven 
patients; two microaneurysms and 
hemorrhages in five patients; and 
three microaneurysms and hemor- 
rhages in six patients. That is, a devi- 
ation of three microaneurysms and 
hemorrhages or less was found in 34 
(76%) of 45 patients. By setting the 
deviation limit at six microaneurysms 
and hemorrhages or less, the concor- 
dance rate was 91% (41 of the 45 
patients). 

The ranking of fluorescein angio- 
grams (ie, improved, unchanged, and 
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Table 4. —Changes in Retinopathy After 41 Months of Study in Patients Who Initially 
(Thre= to Six Months) Developed Soft Exudates and in Those Patients Who Did Not* 


MI/CSIl, 
Soft Exudates (n = 14)t 


Micrcareurysms and hemorrhages 
logarithmic seale + SEM 
Start of randomization 


At 41 mo 
P 
Flworescein angiograms, 


No. cf patientsł 
Improved 


Unehenged 
Weo-sened 
P 


* MI indicates mutmple insulin injections; CSIl, continuous subcutaneous insulin infusion; and CIT, conven- 


tional insulin treatment. 


MI/CSII/CIT, 
No Soft Exudates (n = 30) 


26+ 0.3 
2.7 + 0.4 





tOre patter’ is excluded due to severe hypoglycemia. 
Ore patter’ is excluded due to allergic reaction to fluorescein. 


Tabie 5.—Assessment of Fluorescein Angiograms and Metabolic Control in 
; Patients With and Without Soft Exudates* 


MI/CSIl, 
Soft Exudatest 


Metaboli controi¢ 
Mean + SEM (ange) 


P 


8.4 + 0.2 (7.2-9.5) 


MI/CSII/CIT, 
No Soft Exudates 


9.6 + 0.3 (6.9-13.9) 





* MI indicates multiple insulin injections; CSII, continuous subcutaneous insulin infusion; and CIT, conven- 


tional imsulinétrestmen:. 


tOne patientwas taken out of the study because of severe hypoglycemia (MI), and fluorescein angiography 


was omitted mn ene patient due to allergy (CSIl). 


tHemoglowimA,; + SEM (from time O to 41 months). 


worsened) showed a high rate of 
agreemert between the two graders. 
The blind evaluation showed the same 
result in 36 of 43 patients. A second 
evaluation was performed by both 
graders until an agreement was 
obtaimed in the seven patients in 
whom a Cisagreement was found. 

No signiicamt changes in visual 
acuities, inmtracecular pressures, Sys- 
temic bloed pressures, or serum creat- 
inine values were found throughout 
the course ef the study. 


COMMENT 


Changing the blood glucose level 
may influence the incidence of lesions 
of diabetic retinapathy. A rapid short- 
term (three- to four-month) improve- 
ment in metabolic control seemed to 
increase she number of microaneu- 
rysms and saemorrhages and provoke 
the developmen: of soft exudates.‘ 
Forty-one months of intensified insu- 
lin treatment, however, did not retard 
the progression of microaneurysms 
and hemorrhages compared with con- 
ventiona! treatment. Both the initial 
worsening of retinopathy and the 
long-term results of near-normogly- 
cemia are m accordance with other 
studies of shorter duration (one to two 
years).'** Marginal optimistic two- 
year reports exist,” however, and 
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delayed progression of retinopathy 
has also been reported (two to three 
years).!!3 

Although unidentified individual 
risk factors must exist, an integral of 
glycosylated hemoglobin levels over 
the duration of diabetes is believed to 
be an important determinant in the 
evolution and progression of diabetic 
microangiopathy. The severity of 
retinopathy has been found to be 
related to high levels of blood glu- 
cose,'*'’ documented by many years of 
observation in patients who received 
CIT. Our experience with intensified 
insulin regimens has been restricted 
to a few years, and extended long- 
term studies are needed. Possibly, the 
oscillations in the blood glucose level 
at intervals is a significant risk fac- 
tor, and more so than a moderately 
high blood glucose level per se. 

We found an equal-sized progres- 
sion in microaneurysms and hemor- 
rhages in patients with high hemoglo- 
bin A, values (=9.5% ) and in patients 
with low (<9.5%) values throughout 
the study. Significantly more retinop- 
athy was, however, present at the 
baseline in the former group. We are 
uncertain as te the consequence of 
this difference. In the Kroc Collabora- 
tive Study, worsening of retinopathy 
in CSlIlI-treated patients occurred 
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more frequently in those patients who 
started with the lowest retinopathy 
level.’ On the other hand, formation 
and disappearance of microaneu- 
rysms have not been found to be dif- 
ferent in conventionally treated 
patients with mild and severe retinop- 
athy.'* Future studies must clarify the 
possible relations between the pre- 
treatment retinopathy level and 
microvascular response to intensified 
insulin treatment. 

We evaluated microaneurysms in 
the fluorescein angiograms and 
microaneurysms and hemorrhages in 
the color photographs; these two dif- 
ferent methods of assessment previ- 
ously have been found to be signifi- 
cantly correlated.” However, more 
favorable results in MI- and CSII- 
treated patients, compared with CIT, 
are indicated from fluorescein angio- 
grams (Table 3). This suggests that 
long-term improved metabolic control 
may affect the progression of micro- 
aneurysms differently from hemor- 
rhages. 

Soft exudates have been described 
as ischemic lesions that have been 
seen in both mild and severe retinopa- 
thy” and as an early finding in reti- 
nopathy”'; they have also been found 
to be related to the severity of the 
number of microaneurysms and hem- 
orrhages.’*” Soft exudates transiently 
developed within three to six months 
in patients who were characterized as 
having more microaneurysms and 
hemorrhages at the baseline (Table 4) 
and as having a larger fall in the 
mean blood glucose and hemoglobin 
A, values,* compared with other par- 
ticipants. Surprisingly, these patients 
showed no progression in retinopathy 
during the next three years. We do not 
know the reason for this. 

The results of this study confirm 
the findings of two other prospective 
and randomized studies; both com- 
pared conventional insulin injections 
and CSII treatment, ie, the Steno 
Study’? and the Kroc Collaborative 
Study.”’° We were net able to produce 
definite proof that mtensified insulin 
regimens retarded the progression of 
diabetic retinopathy. This was the 
case, although our patients had less 
retinopathy at the baseline and our 
randomized treatment was sustained 
for a longer period, than in the other 
two studies. Corresponding to find- 
ings in this and other studies, there is 
a possibility that glycemic control 
does not have as favorable an effect on 
diabetic retinopathy as we expect. A 
“point of no return,” as far as a rever- 
sal of retinopathy is concerned, may 
exist in the diabetic patients who are 
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included in our study. The Diabetes 
Control and Complications Trial,” 
which intervened with intensified 
insulin treatment at an early stage in 
the course of the disease, will, it is 
hoped, give answers to these ques- 
tions. 

Many studies share the problem of 
having few patients in the various 
treatment groups. We will illustrate 
this problem by giving some exam- 
ples, relevant to the present study, on 
statistical test power. It is difficult, if 
not impossible to decide the sample 
size that is necessary, as the “true” 
progression rate of diabetic retinopa- 
thy during different treatment mo- 
dalities is not known. We will esti- 
mate the percentage chance (power) 
of the present study of revealing a 
true clinically significant progression 
in retinopathy, using a two-sided Wil- 
coxon rank-sum test (In microaneu- 
rysms and hemorrhages) and a two- 
sided exact Fisher’s test (fluorescein 
angiograms). Initially, the mean 
microaneurysms and hemorrhages in 
all treatment groups was 2.0, and the 
SD of chance in the In microaneu- 
rysms and hemorrhages was close to 
1.5. The following supposition can be 
considered: the corresponding true SD 
is 1.5, the mean microaneurysms and 
hemorrhages does not increase with 
MI treatment, and the mean micro- 
aneurysms and hemorrhages is in- 
creased from 1.9 to 3.0 with CIT treat- 
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ment. The probability that our study 
will reveal this difference as statisti- 
cally significant is approximately 
50%. If, however, the true change in 
the CIT group is from 1.9 to 4.0, the 
test power increases to 82%. Further- 
more, if the true frequency of “worse” 
patients is 90% with the CIT regimen 
and 50% with the MI regimen, evalu- 
ated from fluorescein angiograms, the 
test power of our study is 67%. Fur- 
thermore, as examples, 80% worsen- 
ing in the CIT group vs 40% in the MI 
group and 90% in the CIT group vs 
40% in the MI group give test powers 
of 80% and 88%, respectively. 

This illustrates the problem of 
defining sample size. By a larger sam- 
ple size, the observed difference 
between MI/CSII and CIT regarding 
overall retinopathy might be larger. 
However, the most significant factor 
for the progression of diabetic reti- 
nopathy is the duration of the dis- 
ease. To our knowledge, the present 
study has the longest observation 
period of any prospective and ran- 
domized trials in this field. By strati- 
fying diabetics to the three different 
treatment groups regarding retinopa- 
thy, diabetic control, and duration of 
the disease, we have diminished the 
influence of the small sample size. 
Furthermore, the sample size was 
large enough to show convincingly the 
totally unexpected deterioration in 
retinopathy during the rapid fall in 
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the blood glucose level. 
Possibly, both avoidance of rapid 


changes in metabolic control and 


long-term low levels of blood glucose 
are beneficial in retarding the pro- 
gression of retinopathy. Other co- 
existing factors, however, may be of 
great significance and may thus com- 
plicate studies on the relationship 
between blood glucose levels and 
microvascular retinopathy. Local con- 
ditions in the eye may be important. 
Effects of prestudy retinopathy level 
have been discussed. Furthermore, 
patients who developed soft exudates 
in our study were characterized by 
having larger retinal arteries 
(P < .01) and veins (P < .001) at the 
start of the study, compared with 
those patients who did not develop 
soft exudates on the same insulin reg- 
imens (MI/CSII).” The significance of 
this fact is not known, but a relation 
between a long-term retarded pro- 
gression of retinopathy and a “favor- 
able” hemodynamic vascular tree of 
the retina might exist in these 
patients. 
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The Infiuence of Simulated Light Scattering on 


Automated Perimetric Threshold Measurements 


Dale K Heuer, MD; Douglas R. Anderson, MD; Robert W. Knighton, PhD; 


William J. Feuer: Michael G. Gressel, MD 


© The effect of light scattering by ocu- 
lar media opacities on OCTOPUS and 
Humpnrey perimeter threshold measure- 
ments was simulated with randomly 
ordered sequences of six ground-glass 
diffusers in the right eyes of five subjects. 
Thresmold measurements were performed 
at O°, 5°, 10°, 15°, 20°, and 25° nasally 
along the 180° meridian with the F4 pro- 
gram en an OCTOPUS perimeter, and with 
twice-repeated profiles on a Humphrey 
perimeter. The reduction in differential 
light sensitivity correlated well with the 
2.7-dB to 16.7-dB reduction in stimulus 
intensity caused by the 46% to 98% scat- 
tering of incident light by the diffusers. 
Contrast sensitivity in the presence of a 
glare source (Miller-Nadler glare test) was 
also affected by the diffusers, such that a 
75% contrast target was not visible 
through the strongest diffuser whereas a 
5% contrast target was visible without a 
diffuser. Conversely, the diffusers had 
very little effect on visual acuity measure- 
ments that were performed with pro- 
jected high-contrast targets in a darkened 
room. Our data suggest that even minimal 
light scattering, such as might be caused 
by a cataract that has a relatively insignif- 
icant effect on visual acuity, may influ- 
ence threshold measurements. 

(Arch Ophthaimol 1988;106:1247- 
1251) 
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T'he influence of ocular media opaci- 
ties on perimetric results is pre- 
sumably related to the extent to 
which they absorb, defocus, and/or 
scatter incident light. The effects of 
light absorptien'? and defocusing*’ 
have already been studied. The 
present investigation was undertaken 
to quantitate the influence of mea- 
sured amounts of light scattering on 
OCTOPUS (Bio-Rad Ophthalmic Divi- 
sion, Cambridge, Mass) and Hum- 
phrey (Allergan Humphrey Instru- 
ments, San Leandro, Calif) perimeter 
threshold measurements. The corre- 
sponding effects of light scattering on 
visual acuity and disability glare mea- 
surements were also determined. 


SUBJECTS AND METHODS 


A set of diffusers of varying transparen- 
cy was fabricated by a professional tele- 
scope maker from 2 X 2-in blocks of 0.25- 
in-thick plate glass. Each block was ground 
to a uniformly rough finish with a coarse 
abrasive, and then polished with finer 
abrasives until it was partially clear. The 
amount of polisking controlled the final 
transparency of the block. These diffusers 
differ from ground-glass or opal glass dif- 
fusers used in other optical systems in that 
they are relatively clear; images can still 
be seen, but are covered by a hazy veil of 
scattered light. 


University of Florida College of Medicine, 
Gainesville. 
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The light-scattering characteristics of 
the diffusers for a focal light source were 
measured on an optical bench as follows: 
The filament of a tungsten-halogen lamp 
was imaged with a 193-mm focal length 
lens onto a photecell that was 670 mm 
away from the lens. The spectral response 
of the photocell was similar to human 
photopic vision. Te approximate the 0.43° 
angular field size cf the Goldmann size III 
stimulus (the standard stimulus size on 
both OCTOPUS and Humphrey perime- 
ters), the image on the photocell was lim- 
ited to a 5 X 5-mm square (field size of 26 
minutes of arc at 670 mm) by a field stop in 
the illuminating system. The photocell 
with an overlying 2 X 3-mm aperture was 
mounted on a carriage so it could scan 
across the image, measuring the intensi- 
ties of the image and the light scattered to 
either side. The diffusers were placed 50 
mm in front of the tens, although this 
placement was not critical for the mea- 
surement. Black baffles prevented stray 
light from reachmg the photocell. The 
most significant optical effect of the dif- 
fusers was to attenuate the intensity of the 
image: the effective optical densities (log 
decrease in photocell output within the 
image boundaries) of the diffusers were 
0.06, 0.27, 0.36, 0.46, 0.78, 1.22, and 1.67 
(Table 1). (The “diffuser” with an optical 
density of 0.06 was an unground glass block 
that was only included in the sequences of 
diffusers used withthe Humphrey perime- 
ter; its effective density was due almost 
entirely to back refiection and absorption.) 
The diffusers had little effect on the size 
and shape of the image. Rather, the atten- 
uated image was surrounded by a halo of 
scattered light, but even for the densest 
diffuser this halo was more than a factor 
of 10 dimmer than the image and thus was 
small compared with the perimetric back- 
ground. 

The effect of the diffusers on the peri- 
metric background luminance was mea- 
sured by imaging the inside of a perimeter 
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Fig 1.—Locations of threshold measurements (0°, 5°, 10°, 15°, 20°, and 25° eccentricity 
nasally in right eyes along 180° meridian) superimposed on OCTOPUS perimeter gray-scale 
printout from conventional central 30° visual field examination (from Heuer et al’). 


Table 2.—Mean (+SD), OCTOPUS Perimeter Threshold Values With Diffusers * 
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35.8 + 2.3 
33.8 + 3.1 
32.3 + 2.4 
St.8 + 1.7 
29.8 + 1.6 
25.8 + 1.5 


33.3 + 1.4 
31.6 + 0.9 
29.6 + 0.8 
29.4 + 1.1 
26.3 + 1.0 
21.8 + 0.9 
18.5+3.8 15.6 + 1.1 12.9 + 1.3 
33.8 (2.0) 32.3 (1.0) 30.6(1.2) 30.1 (1.0) 


*CV (CD) indicates critical value (critical difference) from Dunnett's test (one-tailed P = .05); threshold 
values at or below critical value are italicized. Modified from Heuer et al, 10 


30.0 + 1.8 
28.7 + 1.8 
26.9 + 2.0 
26.7 + 2.0 
23.2% + 2.1 
18.3 + 1.9 
ILS E20 
28.5 (1.5) 


29.1 + 2.6 
27.3 + 1.8 
26.1% RA 
26.4 + 1.7 
23.2 + 2.2 
17.4 + 2.2 


31.8 + 0.9 



















28.6 + 1.4 
24.1 + 1.9 
20.0 + 1.7 






















27.6 (1.5) 





1248 Arch Ophthalmol—Vol 106, Sept 1988 





SE Te SS 


bowl onto the photocell. The diffusers had 
no measurable effect on the background 
intensity except for the strongest diffuser, 
which decreased the background lumi- 
nance by 0.035 log units. 

The subjects were five ocular normal 
persons 30, 30, 31, 41, and 46 years of age, 
respectively. The spherical equivalent 
refractive errors in the subjects’ right eyes 
ranged from +0.75 to —2.25 diopters (D) 
(mean + SD = —0.40 + 1.23 D), with no 
more than 0.50 D of astigmatism (one 
subject’s refractive error was actually 
—3.50 + 4.00 X 90; however, with his hard 
contact lens, which was worn for all 
threshold measurements, the refractive 
error was +0.75 D sphere). The subjects’ 
pupils were not pharmacologically manip- 
ulated; with no diffuser, the pupillary 
diameters ranged from 4.5 to 5.5 mm 
(mean + SD=5.1+0.4 mm) on the 
OCTOPUS perimeter video monitor. 

The subjects underwent differential 
light threshold measurements on their 
right eyes with randomly ordered 
sequences of the ground-glass diffusers. 
Optical corrections appropriate for the 
subjects’ ages and the perimeter bowl radi- 
us were provided. The threshold measure- 
ments were performed with a Goldmann 
size III stimulus at 0°, 5°, 10°, 15°, 20°, and 
25° nasally along the 180° meridian (Fig 1) 
with the F4 program (four threshold mea- 
surements at each test point) on an OCTO- 
PUS perimeter (model 201) and with a 
profile program (run twice) on a Hum- 
phrey perimeter (Field Analyzer model 
620). Each subject’s sequence of diffusers 
was completed in a single session, with rest 
allowed as necessary between threshold 
profiles. The overall mean and SD of the 
threshold values for each diffuser were 
calculated from the mean threshold values 
of the individual subjects at each test 
point. 

Visual acuities (starting with diffuser 
No. 6, progressing in descending order to 
diffuser No. 1, and ending with no diffuser) 
were measured on Diabetic Retinopathy 
Vitrectomy Study Charts 1 through 4 with 
luminance of 60 candela/m?, as well as on 
either a projected Landolt C chart (for 
acuities between 20/20 and 20/100) or a 
projected illiterate E chart (for acuities 
between 20/125 and 20/400) in a conven- 
tional examining lane (first with the room 
lights on and then with the room lights 
off). The overall means and SDs of the 
visual acuities for each diffuser were calcu- 
lated from the Snellen fractions of the 
individual subjects’ visual acuities. 

Contrast threshold in the presence of 
glare was measured (starting with diffuser 
No. 6, progressing in descending order to 
diffuser No. 1, and ending with no diffuser) 
with a Miller-Nadler glare tester (Titmus 
Optical Inc, Petersburg, Va),°° which 
determines the contrast necessary to see a 
20/400 Landolt C. To determine the extent 
to which the measured contrast sensitivity 
had been reduced by glare, the contrast 
threshold measurement was repeated with 
each diffuser while the bright surround 
(glare source) on the glare tester was 
masked by a black card with a 2.0-em- 
diameter hole.’ 
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Fig 3.—Mean Humphrey threshold values vs eccentricity. 
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*CV (CD) ndieates critical value (critical difference) from Dunnett's test (one tailed P = .05); threshold values at or below critical value are-italicized. Modified from 


Heuer e al. '® 


tDate for ene subject are from only one profile, because the other profile was inadvertently not saved on the data disk. 


Attenuation 
of Stimulus 


Diffuser intensity, 


Perimeter 
Humphrey 
OCTOPUS 
Humphrey 
OCTOPUS 
Humphrey 
OCTOPUS 
Humphrey 
OCTOPUS 
Humphrey 


Change in 


Threshold Values, 


dB 


OCTOPUS 
Humphrey 
OCTOPUS 


~f1.22 1.3 
—IZ6t156 
—18.3+1.4 
—18.3+ 1.4 


Overall Mean (+ SD) 


32.9 (1.7) 


—10.0+ 1.1 
—12. 72 1:9 
“ARE 1.7. 
—18.642.5 


31.8 (1.8) 


=1L62 1:0 
et ES 
vet a o 
—18.6 1.5 


29.6 + 1.5 
28.6 + 1.5 
24.8 + 1.5 
20.6 = 2.1 
14.6 + 1.5 
31.2 (1.4) 


+0.2+1.3 


28.2 + 1.8 
27.0 + 0.5 
23.4+ 1.6 
19.0 + 2.6 
13.8 + 1.3 
29.7 (2.0) 


—11.4+0.8 
—13.4+ 1.9 


= 4 TEO 
—12.0+0.7 
—18.2+0.6 
—-18.0+ 1.2 


— B.7 +0.7 


27.2 + 1.9 
25.0 + 1.4 
21.4 + 2.5 
17.6 + 1.9 
17.8 + 1.3 
28.3 (1.9) 





~117216 
-(ZOS2.e 


—18.4+ 1.1 


Humphrey 


* Diffuser No. O only included in sequences of diffusers performed on the Humphrey perimeter. 


RESULTS 


The OCTOPUS differential light 
threshold data are presented in Table 
2 and Fig 2; the Humphrey differen- 
tial light tareshoid data are presented 
in Table £ and Fig 3. The threshold 
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depressions caused by all diffusers 
(except diffuser No. 0) were statisti- 
cally significant at all eccentricities 
on both the OCTOPUS and Humphrey 
perimeters (P < .05, Dunnett’s test). 
Diffusers Nos. 1 through 6 reduced the 
OCTOPUS threshold values by respec- 





tive averages of 1.5 dB, 3.2 dB, 3.3 dB, 
6.6 dB, 11.2 dB, and 18.3 dB; and 
diffusers Nos. 0 throwgh 6 reduced the 
Humphrey threshold values by re- 
spective averagessof 0.1 dB, 2.8 dB, 3.3 
dB, 4.4 dB, 8.1 dB, 12.5 dB, and 18.3 dB 
(Table 4). Those empirically measured 
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Fig 4.—Mean change in OCTOPUS (open squares) and Humphrey (xs) threshold values for all 
eccentricities vs diffuser attenuation of stimulus intensity. Solid line indicates theoretical line with 
1:1 relationship between stimulus intensity reduction and decline in threshold sensitivity; vertical 
bars, SE. 
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Fig 5.—Diabetic Retinopathy Vitrectomy Study charts visual acuity (left ordinate; open squares) 
and Miller-Nadler glare test scores (right ordinate: solid triangles) vs diffuser attenuation of 
stimulus intensity. Vertical bars indicate SE. 
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threshold reductions correlated well 
with the effects that would be pre- 
dicted for the diffusers by virtue of 
their attenuation of the stimulus 
intensity measured at the optical | 
bench and their lack of effect on the 
background luminance (Table 4 and 
Fig 4). Overall, the threshold depres- 
sions averaged 0.9 dB less on the 
OCTOPUS perimeter than on the 
Humphrey perimeter (P = .0005, re- 
peated-measures analysis of variance; 
95% confidence limits on that differ- 
ence ranged from 0.6 dB to 1.1 dB). 
There was no consistent effect of 
eccentricity on the observed threshold 
reductions. 

The visual acuity data and glare 
test scores are presented in Table 5 
and Fig 5. The contrast at which the 
gap in a 20/400 Landolt C could be 
detected with each diffuser in the 
presence of the glare source (without 
mask) correlated well with the diffus- 
ers’ attenuation of stimulus intensity 
(Fig 5). When the glare source was 
covered (with a mask), there was little 
(if any) effect on contrast sensitivity. 
Similarly, only diffuser No. 6 had any 
effect on visual acuity measured in a 
darkened room with high-contrast 
targets; however, in the presence of a 
glare source (lighted room or well- 
illuminated wall chart), visual acuity 
was more affected (Table 5). 


COMMENT 


A diffuser scatters a certain pro- 
portion of incident light, causing the 
affected rays to deviate in some new 
random direction. During perimetry, 
the effect of such a diffuser in the 
optical system on the stimulus inten- 
sity is different from its effect on the 
intensity of the background illumina- 
tion. 

We showed empirically that the dif- 
fusers did not affect the intensity of 
light on the surface receiving the 
image of the background. The appar- 
ent explanation is that for every ray 
of light deviated from its pathway ina 
certain direction, another ray of light 
is scattered into the pathway from 
some other part of the background. A 
particular patch in the retinal image 
of the background receives the unscat- 
tered light from the conjugate patch 
in the perimetric bowel plus a propor- 
tionate share of light from all other 
parts of the bowl scattered into the 
direction of the retinal patch. 

However, in the pathway imaging 
the light stimulus (a small bright 
patch in the perimeter bowl), a quan- 
tity of light is scattered out of the 
pathway and there is no compensating 
addition from the surround. The in- 
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Table 5. —Mean (+ SD) Visual Acuities (Snellen Fraction) and Miller-Nadler Glare Test 
l Scores (Percent Contrast) With Diffusers ; 


Visual Acuity (Range) 
LLLP 
Projected Chart 3 ee, 


Projected Chart 
With Room 
Lights Ont 


1.00 + 0.00 


1.00 + 0.00 


1.00 + 0.00 


0387 + 0.18 
(0:67- 1.00) 
0857 + 0.15 
(0.33-0.67) 


Or19 + 0.03 0.12 + 0.07 
(0.14-0.20) (0.02-0.20) 


* Diabetic Retinopathy Vitrectomy Study. 


0.92 + 0.11 
(0.80- 1.00) 

0.59 + 0.30 
(0.33-1.00) 


0.81 + 0.12 


Glare Test 
Score (Range) 


With Room 
Lights Off 


Without With 
Mask Mask 


7.8 + 4.7 
(14-25) 
3.0 + 11.7 
(20-45) 
55.0 + 11.7 
(45-70) 
>75.0 + 0.0 11S = 17 

(10-14) 





(0.67-1.00) 


tOne subject's visual acuity through diffuser No. 6 was less than 20/ 400; for purposes of data analysis, that 
visual acuityemeasurement was arbitrarily regarded as having been 5/200. 


tensity of the image of the stimulus is 
diminished,and the attenuation of the 
stimulus intensity can be expressed in 
terms of optical density. The light 
scattered away from the stimulus is 
added to the background intensity, but 
the increasein background intensity is 
negligible because the light is scat- 
tered over z large area. 

The effect of a diffuser on perimet- 
ric threshold is predicted almost 
entirely by the degree of reduced 
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intensity of the test stimulus. Diffus- 
ers differ from neutral-density filters 
with equivalent optical density, 
because the latter reduce both the 
stimulus intensity and the back- 
ground. The effect of the equivalent 
neutral-density filters on visual sensi- 
tivity is less'*? by virtue of the fact 
that it is the relationship between the 
stimulus and the background, and not 
the intensity ef the stimulus alone, 
that determines visibility. 
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Reliability Indexes of Automated Perimetric Tests 


Joanne Katz, MS, Alfred Sommer, MD 


è The “reliability” of a subject’s auto- 
mated perimetric test result is generally 
assessed by three measures: fixation loss 
and false-positive and false-negative rates. 
These reliability criteria were examined 
for 76 glaucomatous and 248 normal sub- 
jects who underwent visual field testing 
(C-30-2 program; Humphrey Visual Field 
Analyzer, Allergan Humphrey, San Lean- 
dro, Calif). Of the examination results, 
45% in glaucomatous subjects and 30% in 
normal controls were considered unrelia- 
ble with the use of the manufacturer’s 
reliability criteria. Most test results were 
unreliable because they failed to meet the 
criterion for fixation loss. The greater 
rejection rate among glaucomatous sub- 
jects was entirely due to their higher rate 
of false-negative responses. Factors such 
as age, pupil diameter, and visual acuity 
did not explain the difference between 
the false-negative rates of glaucomatous 
patients and normal subjects. 

(Arch Ophthalmol 1988;106:1252- 
1254) 


rhe ability of a patient to give reli- 

able responses to manual perimet- 
ric testing is subjectively assessed by 
the technician. Fixation loss, fatigue, 
and uncertain responses are moni- 
tored and, ideally, testing is adjusted 
to compensate for these response vari- 
ables. Many automated perimeters 
incorporate standardized algorithms 
for assessing the reliability of a test 
result. Since the test is not adjusted 
for these results, the clinician is 
warned to interpret an “unreliable” 
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test result with caution. 

The C-30-2 program of the Hum- 
phrey Visual Field Analyzer (Al- 
lergan Humphrey, San Leandro, 
Calif) provides three different mea- 
sures of the test’s reliability: the pro- 
portion of fixation losses and the 
false-positive and false-negative re- 
sponses. The program flags the test as 
unreliable if any one of these mea- 
sures exceeds specified values. In one 
study, results for as many as 40% of 
glaucomatous eyes and 23% of normal 
eyes were considered unreliable on the 
basis of these cutoffs.! Such a high 
proportion of unreliable test results 
calls into question the value of the 
reliability assessment in the evalua- 
tion of the visual field status. In this 
article, we describe the distributions 
of the reliability criteria in a clinic- 
based population. We also assess the 
relationship between the various reli- 
ability criteria and other factors that 
might influence test results. 


SUBJECTS AND METHODS 


Subjects were recruited from the Nerve 
Fiber Layer Study at the Wilmer Institute, 
Baltimore.’ All subjects underwent thresh- 
old-related suprathreshold kinetic and 
static Goldmann perimetry. A visual field 
defect was defined as a paracentral or full 
arcuate scotoma at least 0.4 log unit deep 
and/or a nasal step at least 10° wide and 
present to at least two isopters that was 
unexplained by any other ocular disease. 
Patients were classified as having glauco- 
ma if their intraocular pressure exceeded 
21 mm Hg and visual field defects were 
present on at least two occasions. Normal 
subjects persistently had pressures of 21 
mm Hg or lower, no visual field defects, 
and no family history of glaucoma or ocu- 
lar hypertension. 

Automated perimetry was performed on 
76 glaucomatous patients and 248 normal 
subjects. All were familiar with detailed 
Goldmann perimetry but had had no previ- 


Arch Ophthalmol—Vol 106, Sept 1988 


ous experience with automated perimetry. 
Each subject was tested using the C-30-2 
program of the Humphrey Visual Field 
Analyzer, which measures thresholds 
within the central 30° of vision. Details of 
this test strategy are described else- 
where.** After the patient was seated 
before the instrument and allowed to 
adapt to its background illumination for 
three to five minutes, the perimetrist 
instructed the patient in its operation and 
ran the short training sequence, repeating 
the instructions and training sequence as 
necessary. The perimetrist was present 
throughout the test and was instructed to 
check the eye position through the tele- 
scope periodically, reminding the patient 
to fixate as needed. For each subject, only 
the first eye tested was selected for analy- 
sis so as to avoid fatigue or learning effects 
that might be present for a second eye. 

Three different measures of reliability 
are routinely estimated and printed on the 
C-30-2 output. The test initially maps out 
the blind spot. At random times during the 
examination, a stimulus is presented with- 
in the blind spot. A fixation loss is regis- 
tered if the patient responds to the stimu- 
lus. The printout records the fixation loss 
as the total number of fixation losses 
divided by the number of times the stimu- 
lus was presented in the blind spot. 

At random times during the examina- 
tion, the projector moves as if to present a 
stimulus, but none is shown. If the patient 
responds to the sound of the moving motor, 
a false-positive error is noted. The printout 
gives the false-positive rate as the number 
of false-positive errors divided by the total 
number of false presentations. 

At random intervals during the exami- 
nation, a suprathreshold stimulus is pre- 
sented in an area of previously measured 
sensitivity. If the patient does not respond 
to this stimulus, a false-negative error is 
recorded. The false-negative rate is then 
defined as the number of false-negative 
errors divided by the total number of 
suprathreshold presentations. Test results 
are flagged as unreliable if fixation losses 
are 20% or greater or if false-positive or 
false-negative rates are 33% or greater.” 
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Table 1.—Dstribution of Reliability Criteria 


No. (%) 


Normal 
Controls 


Glaucomatous 
Patients 


36 (15) 
55 (22) 
42 (17) 
51 (21) 
20 (8) 
13 (5) 
13 (5) 
18 (7) 


178 (72) 
25 (10) 
27 (11) 

9 (4) 
9 (4) 


147 (59) 
71 (28) 
11 (4) 

8 (3) 
4 (2) 
7 (3) 


Table 2—Unreliable Test Results by 
Varying Reliability Criteria Cutoffs 


No. (% Unreliable) 


Normal 
Controls 


Glaucomatous 
Patients 


212 (85) 
157 (63) 
115 (46) 
64 (26) 
44 (18) 
31 (12) 
18 (7) 


70 (28) 

45 (18) 

18 (7) 
9 (4) 
9 (4) 


101 (41) 
30 (12) 
19 (8) 
17 (22) 16 (7) 
t3 (17) 11 (4) 
7 (9) 7 (3) 





* Manufacturer's criteria. 


RESULTS 


Patients with glaucoma were older 
than norma. subjects. Almost 60% of 
patients wath glaucoma but only 37% 
of normal subjects were 60 years of 
age or older. The average age of glau- 
comateus amd normal subjects was 
60.4 and 53.4 years, respectively 
(P < .05). Visual acuities ranged from 
20/15 to 20/60 for normal and glauco- 
matous subjects. Sixty percent of nor- 
mal subjeets and 40% of glaucoma- 
tous patients had visual acuities of 
20/20 or better (P < .01). Only 7% of 
glaucomatous patients and 3% of nor- 
mal subjeets had visual acuities worse 
than 20/4. The mean pupil diameter 
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Table 3.—Reasons for Rejection of Unreliable Test Results With Manufacturer’s Criteria 


Reason 


Total 


No. (3 


Glaucomatous Patients 


34 (100) 73 (100) 


Table 4.— Age, Pupil Diameter, and Visual Acuity by 
Reliability Criteria 


Mean Pupil Diameter, 


Mean Age, y 
Pee 
Glaucomatous Normal 

Patients Controls 


% Fixation loss 
0) 


1-4 
5-9 
10-19 
20-29 
30-39 
40-49 
>50 


% False-positive 
O 


1-9 
10-19 
20-29 
>30 


% False-negative 
(0) 


1-19 
20-29 
30-39 
40-49 
= 50 


of glaucomatous and normal subjects 
was 3.3 and 3.9 mm Hg, respectively 
(P < .05). 

The distribution of fixation loss was 
similar for glaucomatous patients and 
normal controls (x? = 2.8, not signifi- 
cant) (Table 1). Fixation loss ranged 
from 0% to 80% among glaucomatous 
patients and 0% to 100% among con- 
trols. The total number of stimuli 
presented in the blind spot ranged 
from three to 66, with a median of 41. 
This number was never more but 
often less than 10% of the total num- 
ber of stimuli presented during the 
examination. Approximately half of 
the glaucomatous patients and con- 
trols had fixation loss of less than 
10%. However, 4% of glaucomatous 
patients and 7% of normal subjects 
had fixation loss of 50% or more. 

The distribution of false-positive 
rates was also similar for glaucoma- 


——u—“—_—~ 
Glaucomatous 
Patients 
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mm Median Visual Acuity 

e—a A 

Glaucomatous Normal 
Patients Controls 


Normal 
Controls 





tous patients and controls (x? = 0.05, 
not significant) (Table 1). More than 
80% of subjecte had false-positive 
response rates of less than 10%. Less 
than 4% had more than 30% false- 
positives. However, one normal sub- 
ject had 100% and one glaucomatous 
patient had 71% false-positive re- 
sponses. The number of false-positive 
trials ranged from one to 28, with a 
median of ten. 

The distribution ef false-negative 
rates was different for glaucomatous 
patients and normal controls 
(x? = 27.75, P < .001) (Table 1). Fifty- 
nine percent of normal subjects but 
only 37% of patients with glaucoma 
had no false-negative responses. 
Eight percent of normal subjects but 
22% of glaucomatous patients had 
false-negative responses of 30% or 
more. The number ef false-negative 
trials ranged from one to 27, with a 
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median of nine, and was similar for 
glaucomatous patients and normal 
subjects. 

Approximately one in four test 
results of both glaucomatous subjects 
and controls were unreliable at the 
recommended fixation loss cutoff of 
20% or more (Table 2). If test results 
with false-positive responses of 33% 
or more are unreliable, only 4% of 
tests for glaucomatous patients and 
controls would be discarded on this 
basis alone. With the reliability cutoff 
for false-negatives at 33%, 22% of 
glaucomatous patients’ test results 
but only 6.5% of normal subjects’ test 
results were rejected on this basis. 
The manufacturer’s criteria (fixation 
loss, =20%; false-positive, >33%; or 
false-negative, >33%) rejected 45% 
of test results on glaucomatous 
patients and 30% of those on normal 
subjects. 

By the manufacturer’s criteria, 
most of the glaucomatous patients’ 
results were unreliable due to fixation 
loss alone (41%) or false-negative 
rates alone (44%) (Table 3). Of those 
normal subjects whose results were 
unreliable, 67% were rejected due to 
fixation loss alone. Only 12% were 
rejected because of excessive false- 
negative responses alone. Very few 
subjects’ results were unreliable 
because they exceeded more than one 
reliability criterion. Only one subject 
exceeded all three criteria. Nine (75% ) 
of 12 false-positive responses also 
were rejected due to fixation loss, 
suggesting a “trigger-happy” sub- 
ject. 

Except for extreme values, all three 
reliability measures were unasgso- 
ciated with age, pupil diameter, or 
visual acuity (Table 4). Glaucomatous 
patients with very high fixation losses 
(=50%) were older and had poorer 
visual acuity, but there were too few 
of these patients to assess adequately 
their clinical or statistical signifi- 
cance. 


COMMENT 


Only a few subjects who undergo 
the C-30-2 visual field test have high 
false-positive response rates. Fixation 
losses and false-negative responses 


1. Enger C, Sommer A: Recognizing glaucoma- 
tous field loss with the Humphrey Statpac. Arch 
Ophthalmol 1987;105:1355-1357. 

2. Sommer A, Quigley HA, Robin AL, et al: 
Evaluation of nerve fiber layer assessment. Arch 
Ophthalmol 1984;102:1766-1771. 

3. The Humphrey Field Analyzer Owner’s 
Manual. San Leandro, Calif, Allergan Hum- 
phrey, 1983. 

4. Sommer A, Duggan C, Auer C, et al: Analyt- 
ic approaches to the interpretation of automated 


are more common. The definition of 
unreliable provided for the Humphrey 
Visual Field Analyzer would call into 
question 45% of results for glaucoma- 
tous patients and 30% of results for 
normal subjects among this group of 
clinic-based subjects. While these 
patients had no experience with auto- 
mated perimetry, they had all previ- 
ously undergone at least two manual 
perimetric tests. The high number of 
unacceptable tests is due largely to 
fixation loss. The difference between 
the proportion of unreliable results 
for glaucomatous and normal subjects 
is due primarily to the association of 
high false-negative rates with glau- 
coma. 

Most test results were unreliable on 
a single measure. The most prevalent 
was fixation loss, when a subject 
responded to a stimulus presented in 
the putative blind spot. At least three 
conditions might account for this: the 
blind spot is initially misplaced; the 
patient is not fixating; or the patient 
responds to the motor noise, the same 
phenomenon that accounts for a false- 
positive response. It is therefore not 
surprising that subjects with high 
false-positive rates often had high 
rates of fixation loss. It is often possi- 
ble to reduce the rate of fixation loss 
by interrupting the test and rein- 
structing the subject. More attention 
to fixation loss by the technician 
administering the test might have 
resulted in a lower rate than we 
observed in this series. 

High false-negative rates were 
more common among glaucomatous 
patients than controls. Although 
glaucomatous patients were older and 
had smaller pupil diameters and poor- 
er visual acuities, these factors were 
unrelated to the false-negative rate 
and did not explain the difference 
between the false-negative rates of 
glaucomatous patients and controls. 
Since a false-negative response is a 
missed stimulus that is brighter than 
one previously seen, the difference 
between the false-negative rates of 
glaucomatous patients and normal 
subjects may be due to the increased 
visual fatigue and variability encoun- 
tered early in the disease.*? 
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Our results reinforce the important 
point that decisions regarding the 
glaucoma status of a patient should 
never be based on the results of the 
first (or any single) automated visual 
field test alone. Diagnosis and man- 
agement require confirmation of 
visual field results and the assess- 
ment of other clinical factors. In this 
instance, we chose to evaluate factors 
of the first automated examination so 
as to provide an estimate of the pro- 
portion of unreliable test results one 
might expect in a routine screening 
situation. Patient experience with 
automated threshold perimetry may 
reduce the proportion of unreliable 
examinations. 

The current definition of an unreli- 
able examination provided for the 
Humphrey Visual Field Analyzer 
would consider 33% of all results in 
this study unreliable. Another study 
still in progress on a different popula- 
tion found that as many as 59% of 
subjects tested for the first time had 
an unreliable examination result in at 
least one eye (personal communica- 
tion, L. Naggan, MD, DrPH, Novem- 
ber 1987). A high proportion of exam- 
inations are rejected because of their 
excessive fixation loss. If fixation loss 
remains a problem in follow-up 
perimetric examinations, the useful- 
ness of the 20% fixation loss cutoff on 
the validity of the visual field exami- 
nation may need to be reassessed. 
Because the false-negative rate is 
related to the disease status of the 
subject, test results rejected on this 
basis will exclude a disproportionate 
number of patients with glaucoma- 
tous field loss. High false-negative 
rates identify subjects who need to be 
retested or more carefully evaluated 
by manual techniques for confirma- 
tion, if necessary. Subjects with high 
false-negative rates on first-time 
automated perimetric testing are 
more likely to have early glaucoma- 
tous damage on manual perimetry, 
regardless of the status of their auto- 
mated visual field test result. 


This study was supported by research grants 
EY03605 and EY05092 from the National Eye 
Institute, National Institutes of Health, Bethes- 
da, Md. 


1977;95:1173-1175. 

8. Flammer J, Drance SM, Zulauf M: Differen- 
tial light threshold: Short- and long-term fluctu- 
ation in patients with glaucoma, normal controls 
and patients with suspected glaucoma. Arch Oph- 
thalmol 1984;102:704-706. 

9. Flammer J, Drance SM, Fankhauser F, et al: 
Differential light threshold in automated static 
perimetry: Factors influencing short-term fluc- 
tuation. Arch Ophthalmol 1984;102:876-879, 


Automated Perimetry—Katz & Sommer 


+ 


Perfluoropropane Gas, Modified Panretinal Photocoagulation, 


and Vitrectomy in the Management of 


Severe Proliferative Vitreoretinopathy 


Yale L. Fisaer, MD: Jeffrey L. Shakin, MD; Jason S. Slakter, MD; John A. Sorenson, MD; Donald M. Shafer, MD 


è Seventy-six consecutive patients 
with total rkheamatogenous retinal detach- 
ments and severe proliferative vitreoreti- 
nopathy underwent combined pars plana 
vitrectemy_lensectomy, panretinal photo- 
coagulation, perfluoropropane gas 
(C,F,)/tluid exchange, and scleral buck- 
ling. Sixty-twe (82%) of the patients had 
successful, sustained (> 12 months) pos- 
terior retinal attachments at last exami- 
nationOf these 62.patients, 40 (65%) had 
complete retina! attachment, with no evi- 
dence of sesrowth of periretinal mem- 
branes or redetachments following the 
initial procedure. In the remaining 22 
cases with successful reattachment of 
the retina posterior to the equator, partial 
peripheral retinal detachments were 
observed. in 15 ef the 22 cases, the 
detachmen'’s occurred entirely anterior to 
the boundary cf the previously placed 
photocoagulation lesions. The posterior 
retina semeined uninvolved, and no fur- 
ther treatmert was needed. Reoperation 
was required in the other six patients to 
achieve sustained posterior retinal reat- 
tachment. Pestoperative visual acuity 
ranged from 20740 to bare light percep- 
tion, with €9% of the anatomically suc- 
cessful cases obtaining functional visual 
acuity (>2C/«00). Failures were related 
to reprolifecation of fibrous membranes. 


(Arch Ophthalmol 1988;106:1255- 
1260) 
P roliterative vitreoretinopathy 


(PVR)! complicates 5% to 10% of 
retinal reattachment procedures for 
rhegmatogenous retinal detach- 
ments.“ While early stages may be 
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successfully managed with standard 
scleral buckling surgery,‘ the more 
severe forms require vitreoretinal 
techniques for adequate treatment. 
Better instrumentation and newer 
techniques have greatly improved the 
prognosis for surgical reattachment 
of the retina.” In addition, silicone 
oil,” long-lasting perfluoropropane 
gases,“ panretinal endophotocoagu- 
lation,‘ and intravitreal medica- 
tions“ have been utilized in the 
treatment of PVR with varying 
degrees of success. 





See also p 1188. 





In this study, intraocular perfluoro- 
propane/air mixtures and panretinal 
photocoagulation, combined with con- 
ventional vitrectomy and scleral buck- 
ling techniques, were used in an 
attempt to limit late redetachment in 
76 cases of severe PVR. Results are 
presented that indicate that a high 
success rate may be realized with this 
treatment approach. 


SUBJECTS AND METHODS 


Seventy-six consecutive patients with 
total rhegmatogenous retinal detachment 
and severe PVR were treated at the Man- 
hattan Eye, Ear and Throat Hospital, New 
York, from 1981 to 1986, by two of us 
(Y.L.F. and J.L.S.). Detailed medical histo- 
ries were obtained from all patients, who 
ranged in age from 16 to 83 years. A 
standard, best corrected Snellen visual 
acuity measurement at 20 ft was deter- 
mined, followed by complete anterior and 
posterior segment examination. The grade 
of PVR was determined by indirect oph- 
thalmoscopy according to the Retina Soci- 
ety classification. 


SURGICAL TECHNIQUE 


Following informed consent, all patients 
underwent a standard “three-incision” 
trans-pars plana vitrectomy and trans- 
pars plana lensectemy, if phakic. A lensec- 
tomy was necessary to allow complete 


mobilization of the peripheral retina and 
facilitate excision cf as much of the vitre- 
ous base and periphera! traction as possi- 
ble, relieving the circumferential vitreous 
base shrinkage, breaking the anterior loop 
traction, and permitting the application of 
peripheral laser endophotocoagulation (via 
scleral depression) up to the pars plana. 
The lensectomy alse permitted a complete 
air fill to be achieved. 

Mobilization of fixed retinal folds was 
performed by segmenting and removing 
preretinal membranes using various com- 
binations of a hooked 20-gauge needle, 
pick/forceps, and automated intraocular 
scissors. Using simultaneous scleral de- 
pression and automated vitreous cutting, 
the anterior vitreoas base was trimmed, 
and iridovitreal attachments were cut. All 
retinal tears were marked with intraocular 
unimanual, bipolar cautery to ensure later 
visibility during gas/fluid exchange and 
laser treatment.” 

Manually operated syringe drives were 
used to perform the air/fluid exchange 
initially. These syringe drives were 
replaced by an automated air pump in 
1983. Air/fluid exchange was accomplished 
by using the automated filtered (0.22-um) 
air pump and simultaneous internal drain- 
age of subretinal fluid that employed a 
tapered flute needle (19- to 25-gauge). If 
stretch tears occurred or subretinal gas 
was observed or expected, additional mem- 
brane surgery and/or relaxing retinoto- 
mies (Fig 1) were performed to permit 
reattachment to take place during gas/ 
fluid exchange. 

Once reattachment was achieved, retinal 
tears and retinotemy sites were sur- 
rounded with at least three rows of argon 
endophotocoagulatien. Cryopexy was rare- 
ly used, and only if the laser could not be 
applied around the retinal tears because of 
atrophy of the surrounding retinal pig- 
ment epithelium @RPE), which limited 
uptake of the laser energy, or if opacifica- 
tion of the sensory retina existed, prevent- 
ing the energy from reaching the choroid 
and RPE. All retinopexy, whether with 
laser or cryopexy, was performed after the 
retina was fully attached and held in posi- 
tion by intravitreal air. This presumably 
caused less dispersion of RPE cells and 
inflammation than if laser or cryopexy was 
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done with the retina elevated. It also per- 
mitted a better adherence and more accu- 
rate localization of the retinopexy with 
less destruction of tissue. 

Peripheral panretinal photocoagulation 
with the argon endolaser was then per- 
formed, with approximately 500 to 1000 
burns applied. Treatment included the ret- 
ina over the scleral buckle and an area 
posterior to the buckle approximately 
three to four laser burns wide (usually 
reaching the level of the equator). If visi- 
bility was limited at the time of surgery, no 
attempt was made to complete the laser 
treatment, a small iris sphincterotomy was 
performed to ensure adequate postopera- 
tive pupillary dilation, and a krypton red 
laser was utilized to complete the ablation 
several days postoperatively using retro- 
bulbar anesthesia. 

Karly in the study, revision of previously 
placed scleral buckles was always at- 
tempted once the retina was reattached 
(13 cases), but as experience with long- 
acting gases and laser photocoagulation 
increased, fewer changes in scleral buckle 
material appeared to be necessary. In 
those cases in which a new or revised 
scleral buckle was needed, a No. 281 solid 
silicone tire, trimmed to 9 mm, was placed 
for 360° and tied end to end with no band. 
Two anchoring 5-0 nylon mattress sutures 
per quadrant were used to indent the scler- 
al buckle flush with sclera. Elevation of the 
inferior retina by the buckle was most 
important to ensure gas bubble contact 
during the time the patient assumed an 
upright position, since this was a common 
location for reactivation of PVR and future 
retinal breaks. 

After ensuring that retinal reattach- 
ment was possible by utilizing filtered 
(0.22-um) room air, a slightly expansile 
20% perfluoropropane gas/air mixture 
was manually exchanged for the intraocu- 
lar air bubble during closure of the three 
sclerotomy incisions. Sclerotomy closure 
was accomplished with 8-0 nylon running 
sutures in a shoelace configuration. After 
closure, the globe was pressurized to nor- 
mal levels by additional injection of the 
20% perfluoropropane gas/air mixture 
through a 30-gauge needle that was placed 
through a sutured sclerotomy site. 

Postoperatively, the patients were posi- 
tioned face down. The intraocular pressure 
was monitored every six to eight hours for 
the first 24 hours, then daily. Therapy with 
topical timolol maleate (0.5% twice daily) 
and oral acetazolamide (1 g/d) was started 
and continued for 48 to 72 hours. Inflam- 
matory reactions and swelling were usual- 
ly minimal, resolving spontaneously with- 
in one to four days. The gas bubble occu- 
pied approximately three fourths to seven 
eighths of the volume of the globe (Fig 2). 
Topical steroids and antibiotics were used 
as well. Systemic steroids were not admin- 
istered. 

When the modified panretinal photoco- 
agulation could not be completed intraop- 
eratively, a postoperative krypton red 
laser was supplemented two to six days 
after surgery, using retrobulbar lidocaine 
hydrochloride (Xylocaine) anesthesia and 
a Rodenstock pan-fundus lens. A 200-um 


spot size, 0.2- to 0.5-s duration, and 0.3 to 
0.8 W of power were used. Following laser 
treatment, the patient was again posi- 
tioned face down for several hours and 
then permitted to resume bathroom privi- 
leges, maintaining a forward head-tilt, 
chin-on-chest posture during the day and a 
prone position for sleep. Follow-up exami- 
nation revealed pigmented chorioretinal 
laser adhesions visible through the bubble 
by the end of two weeks. 

In those patients in whom PVR did not 
recur but rhegmatogenous redetachment 
of the posterior retina took place, outpa- 
tient 20% perfluoropropane gas/fluid 
exchanges and focal krypton red photoco- 
agulation of retinal tears were sufficient to 
permit reattachment of the posterior reti- 
na. Repeated trans-pars plana vitrectomy, 
modification of the scleral buckle, and 
gas/fluid exchange were necessary in some 
PVR recurrence cases associated with re- 
detachment. Macular epiretinal traction 
detachment cases required only vitrecto- 
my, with no air or gas. 


RESULTS 


Seventy-six patients with total reti- 
nal detachment associated with 
severe PVR (C3 to D3) underwent 
combined trans-pars plana vitrecto- 
my, lensectomy (if phakic), modified 
panretinal photocoagulation, and per- 
fluoropropane/fluid exchange with 
scleral buckle. Primary etiologic diag- 
noses included rhegmatogenous reti- 
nal detachment, phakic (39 cases) and 
aphakic (21 cases); traumatic retinal 
detachments (ten cases); and giant 
retinal tears (16 cases). Preoperative 
visual acuity ranged from bare light 
perception to 20/200. Previous surgi- 
cal procedures included 40 patients 
with scleral buckles, 13 with vitrecto- 
my, and three with laser photocoagu- 
lation alone. In 20 patients, no previ- 
ous surgery had been performed. All 
76 patients were followed up postoper- 
atively for a minimum of 12 months 
(mean, 30.8 months). 

Sixty-two (82% ) of the patients had 
successful, sustained posterior retinal 
reattachments at last examination 
(Table 1 and Figs 3 and 4). Of these 62 
patients, 40 (65%) had complete reti- 
nal attachment, with no evidence of 
regrowth of periretinal membranes or 
redetachments, following the initial 
procedure. In the remaining 22 cases 
with successful reattachments of the 
retina posterior to the equator, par- 
tial peripheral retinal detachments 
were observed to occur one to six 
weeks postoperatively. These detach- 
ments were associated with perireti- 
nal membrane growth and involved 
the vitreous base over the scleral 
buckle or areas immediately posterior 
to the buckle. In 16 of the 22 cases, the 
detachments occurred entirely anteri- 
or to the boundary of the previously 
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Fig 1.—Large peripheral retinotomy (arrow- 
heads) with posterior photocoagulation. 


Fig 2.—Intraocular perfluoropropane gas/air 
bubble three days postoperatively. 


Fig 3.—Left, Preoperative fundus photograph 
of patient with grade D2 proliferative vitreore- 
tinopathy. Right, Postoperative fundus photo- 
graph of same patient with residual preretinal 
membrane formation, photocoagulation scars, 
and attached posterior pole. 


Fig 4.—Left, Preoperative fundus photograph 
of patient with grade D2 proliferative vitreore- 
tinopathy. Right, Postoperative “‘equator- 
plus” fundus photograph of same patient with 
attached posterior pole and peripheral photo- 
coagulation scars. Note residual perfluoropro- 
pane gas/air bubble superiorly. 


Fig 5.—Peripheral retinal elevation (arrow- 
head) walled off by photocoagulation scars. 


placed photocoagulation lesions (Ta- 
ble 2 and Fig 5). The posterior retina 
remained uninvolved, and no further 
treatment was needed. Reoperation 
was required in the other six patients 
as discussed below. Those cases with 
peripheral detachments were consid- 
ered to be successful only after being 
followed up for a minimum of 12 
months, without progression of the 
detachment to involve the posterior 
pole. Thus, the success rate for sus- 
tained attachment of the posterior 
retina following a single operative 
procedure was 74%. 

The rate of successful posterior ret- 
inal reattachment varied little among 
those cases with grades C3 to D2 PVR 
(mean, 85% ). Those cases with grade 
D3 PVR, however, exhibited a signifi- 
cantly lower reattachment success 
rate (67% ). In three of the five cases 
with D3 PVR who were anatomic fail- 
ures, we were unable to reattach the 
retina at the time of the initial sur- 
gery, and further treatment attempts 
were abandoned. Successful reattach- 
ment of the posterior retina did not 
appear to be influenced by the prima- 
ry etiologic diagnosis, the number or 
type of previous operative procedures, 
or the age of the patient at the time of 
surgery. 

The final visual acuity for all 76 
patients is shown in Table 3. In those 
62 cases with sustained reattachment 
of the posterior retina, the postopera- 
tive visual acuity ranged from “hand 
motions” to 20/40. Visual acuity was 
20/400 or better in 43 (69%) of these 
individuals, or 57% of all patients 
treated. The visual acuity stabilized or 
improved in 58 (87%) of 76 patients. 

Recurrence of PVR and redetach- 
ment of the posterior retina occurred 
in 17 patients who initially underwent 
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Table 1.—Anatomic and Functional Results of Therapy for Severe PVR* 





No. (%) of Eyes 
Classification Total No. No. (%) of With Functional 


of PVR of Eyes Eyes Reattached Visual Acuityt 


* PVR indicates proliferative vitreoretinopathy. 
tVisual acuity 20/400 or better. 


Table 2.—Rate of Peripheral Retinal Elevation in Patients With 


Successful Posterior Retinal Reattachment* 





No. (%) of Eyes With 
Classification Total No. of Eyes With Posterior Reattachment and 


of PVR Posterior Reattachment Peripheral Retinal Elevationt 
D3 10 6 (60) 
Total 62 16 (26) 


* PVR indicates proliferative vitreoretinopathy, 
tin all cases, the peripheral retinal elevation was completely surrounded by mature chorioretinal adhesions 


and did not involve the posterior retina. 





Visual Acuity Preop 
20/40-20/60 o (0) 
20/70-20/ 100 O (0) 
20/200 1 (1) 
20/400 7 (9) 
Counting fingers 29 (38) 
Hand motions 30 (40) 
Light perception 9 (12) 
No light perception O (0) 





* PVR indicates proliferative vitreoretinopathy. 


reattachment: three with grade C3 
PVR, four with grade D1 PVR, five 
with grade D2 PVR, and five with 
grade D3 PVR. In seven cases, re- 
peated trans-pars plana vitrectomy, 
modified panretinal photocoagula- 
tion, and gas/fluid exchange were 
required, with five of these cases suc- 
cessfully reattached without evidence 
of posterior pole redetachment on fol- 
low-up examination. In five of the 
patients with regrowth of membranes 
and retinal detachment, supplemental 
intraocular infusion of the perfluoro- 
propane gas/air mixture, along with 
additional focal krypton red photoco- 
agulation, was performed; this proce- 
dure was adequate to accomplish reat- 
tachment of the posterior retina in 
four of the five cases. In all of these 
individuals, reoperations and re- 
peated gas/fluid exchanges were car- 


Table 3.—Preoperative and Final Visual Acuity Following Treatment for PVR* 


erative 





No. (%) of Eyes 









Final Postoperative Examination 

10 (13) 

11 (15) 

7 (9) 
14 (19) 

17 (22) 

10 (13) 

7 (9) 

O (0) 




















ried out within 12 weeks of the initial 
surgery. The remaining five patients 
with recurrences of PVR were consid- 
ered to be inoperable. 

Fourteen of the 76 cases were con- 
sidered to be anatomic failures, with 
persistent detachment of the posteri- 
or retina. Of this group, four patients 
(three with D3 PVR; one with D2 
PVR) were found to be inoperable at 
the time of the initial surgery. Macu- 
lar epiretinal membrane formation 
accounted for failure in five of the 
patients, with total redetachment of 
the retina secondary to reprolifera- 
tion of membranes responsible for 
failure in the remainder. 

Intraoperative complications in- 
cluded six iatrogenic retinal breaks, 
which were not the result of planned 
retinotomies. In the early postopera- 
tive period (one to three weeks), an 
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elevated intraocular pressure greater 
than 25 mm Hg was observed in 40 
patients. In only five cases was the 
pressure greater than 40 mm Hg. The 
highest recorded pressure was 47 mm 
Hg. All 40 of the cases were success- 
fully treated with topical timolol 
maleate (0.5% twice daily) and oral 
acetazolamide (250 mg by mouth 
three times daily) for one to two 
weeks. No visual loss was attributed 
to these periods of increased intraocu- 
lar pressure. 

Additional complications, occurring 
shortly after surgery, included an ear- 
ly postoperative formation of tran- 
sient pupillary membranes in five 
patients (all resolved spontaneously), 
a flat superior anterior chamber in 
four individuals, and a macular puck- 
er in five cases. 

Late complications (three to 12 
weeks) were related to the natural 
reproliferation of periretinal mem- 
branes. Rhegmatogenous retinal de- 
tachments (four cases) and persistent 
hypotony leading to phthisis bulbi 
(four cases) were also observed during 
this period. No cases of endophthalmi- 
tis occurred in this study. 


COMMENT 


Proliferative vitreoretinopathy is 
characterized by the proliferation of 
retinal glial cells and/or metaplastic 
RPE cell membranes on both surfaces 
of the detached retina and on the 
posterior surface of the detached vit- 
reous face. Shrinkage of these mem- 
branes distorts and elevates the reti- 
na, forming fixed folds that may pre- 
vent reattachment by utilizing stan- 
dard scleral buckling procedures or 
that may cause late redetachment of 
the retina following initial successful 
reattachment. Signs of PVR, such as 
fixed folds, equatorial traction, or 
tears with posteriorly rolled edges, 
are present in 10% of rhegmatoge- 
nous detachments without any previ- 
ous surgery.*** However, this condi- 
tion is more commonly observed in 
patients who have undergone retinal 
surgery. It is more likely to occur in 
aphakic retinal detachments associ- 
ated with a loss of vitreous, penetrat- 
ing injury, and giant retinal tears; 
these cases require multiple reopera- 
tions or extensive cryopexy. It may 
even occur in nonrhegmatogenous ret- 
inal detachments associated with 
severe proliferative diabetic retinopa- 
thy or intraocular inflammation. 

The surgical treatment of retinal 
detachment associated with PVR has 
not only been concerned with reat- 
tachment of the sensory retina but 
also directed at elimination of vitreo- 
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retinal tractiom caused by the newly 
formed membranes, as well as preven- 
tion of their recurrence. Scleral buck- 
ling alone for the treatment of PVR 
was first imtrocuced by Tolentino et 
al,‘ and later performed by Havener* 
and Griffith et al.’ Recently, Grizzard 
and Hiltor* fownd an overall success 
rate of 34.7%, utilizing this approach 
in 859 patients with mild to moderate 
PVR. 

Machemer’ described the first, 
unsuccessful attempts at using pars 
plana vitrectomy alone in the man- 
agement of severe proliferative 
vitreoretinopathy. With the addition 
of membrane peeling, scleral buck- 
ling, and air/fuid exchange to the 
standard witreetomy procedure, Ma- 
chemer ard Laqua,’® Charles,” and 
others’ found successful reattach- 
ment of the retina to occur in 36% to 
66% of cases. The major cause of 
failure in these patients was a recur- 
rence of proliferative membranes, 
accounting for 53% of the failures in 
the cases reported by Jalkh et al" and 
for 45% of those noted by de Bustros 
and Michek."* 

The earliest attempts to prevent 
redetachment of the retina secondary 
to recurrence of PVR involved the use 
of liquid silicone injection to provide 
long-term retinal tamponade. This 
technique was pioneered by Cibis,” 
and later utilized by Scott”! and Grey 
and Leaver” with success rates of 78% 
and 55%, respactively. Some of the 
patients included in the protocol by 
Scott,?! however, fell into the classifi- 
cation of “prefibrotic,” and, thus, may 
not have had any significant degree of 
PVR. This makes a comparison of his 
results wits the current discussion of 
therapy for asvanced proliferative 
disease impossible. More recent work 
using silicone cil in patients with doc- 
umented PYR Wave reported success- 
ful reattachment of the retina in 62% 
to 64% of patiemts.™ 7*5 

Chan and Okun” studied the long- 
term effects of liquid silicone in 407 
eyes that had undergone intravitreal 
injection -of silieone beween 1961 and 
1984. They found that the overall ini- 
tial anatemic success was 66.3% and 
functional visuel success was 25.3%, 
with funetiona. success decreasing to 
12.5% after tem years. Interestingly, 
despite frequent late complications 
secondary to the intravitreal silicone, 
the predominan: cause of late failure 
was the recurmence of the retinal 
detachment due to proliferative dis- 
ease. 

The use of perfluorocarbon gases 
for the management of PVR was first 
presented im 1983 by Lincoff et al.” 
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Combining vitrectomy, membranecto- 
my, and injeccion of pure, expansile 
perfluoropropane gas resulted in suc- 
cessful, sustained reattachment of the 
retina in ten (56%) of 18 patients, 
with moderate to severe PVR in one 
study,” and in 12 (60%) of 20 patients 
in a more recent study.” Postvitrecto- 
my gas/fluid exchange and laser pho- 
tocoagulation have been reported in 
similar cases with good preliminary 
results (nine-month mean follow-up), 
provided additional mechanical re- 
lease of traction was not necessary.” 
The leading cause of failure in all of 
these studies was, again, related to 
reproliferation of epiretinal mem- 
branes leading to retinal traction, 
tear formation, and redetachment of 
the retina. 

Treatment that has been directed 
specifically toward preventing the 
formation of these membranes has 
involved the use of intravitreal injec- 
tion of steroids,’ penicillamine,” 
and fluorourac:l.***! These antimetab- 
olites have proved to be effective in 
the inhibition of fibroblast prolifera- 
tion and formation of epiretinal mem- 
branes in experimental models of pro- 
liferative vitreoretinopathy. Blumen- 
kranz et al? administered periocular 
and intraocular fluorouracil following 
combined vitrectomy, gas/fluid ex- 
change, photocoagulation, and scleral 
buckling for patients with PVR. Reti- 
nal reattachment was achieved in 
60% of patients at six months post- 
operatively, with no serious ocular 
side effects from the antimetabolite 
noted. 

In this series of 76 consecutive 
patients with severe PVR, complete 
reattachment ef the entire retina was 
possible in 53% of cases; this finding 
is not dissimilar to previous reports of 
success with such complex vitreoreti- 
nal procedures. In this study, howev- 
er, peripheral tractional and rhegma- 
togenous retinal elevations, which 
developed one to 12 weeks postopera- 
tively, were limited by fully developed 
chorioretinal laser adhesions, pre- 
venting redetachment of the posterior 
pole. Success in maintaining attach- 
ment of the retina in the macular 
region and posterior pole was 74% 
overall, with ome operative procedure 
and recuperative period. With reoper- 
ations, the overall success rate 
increased to 82%. Failures were re- 
lated to consequences of reproliferat- 
ing membranes. 

There appears to be an active period 
of reproliferation and growth of these 
membranes, occurring within six to 12 
weeks of surgery. The long-acting per- 
fluoropropane gas serves to tampon- 


ee 


ade the retina until the laser burns 
mature and form firm chorioretinal 
bonds (two to three weeks). These 
chorioretinal adhesions, in turn, func- 
tion as a barrier to posterior exten- 
sion of peripheral detachments that 
may have developed postoperatively 
as a result of intraoperative manipu- 
lation or reproliferation of mem- 
branes. These features of long-term 
tamponade and harrier formation 
likely account for the high success 
rate of this technique. 

Long-term tamponade of the retina 
can also be achieved with intraocular 
silicone oil. There are, however, 
numerous complications associated 
with this therapy, including direct 
toxic effects of silicone. As a result, 
most surgeons remove the silicone oil 
with a second surgical procedure, usu- 
ally three to six months postopera- 
tively. Not only is it impossible to 
remove all of the silicone, but the 
process of removal itself is associated 
with a significant percentage of rede- 
tachment of the retina. 

Analysis of results by preoperative 
classification of PVR revealed greater 
success in categories C3 to D2 (mean, 
85% ) than in the most severe form of 
PVR, D3 (67%) Parke and Aaberg” 
have reported similar results with 
seven patients at a follow-up of six 
months. 

In our series, reoperation was 
required in 12 patients, with nine 
achieving a successful result. Failures 
were defined as persistent or recur- 
rent detachment of the posterior pole. 
In most circumstances, this occurred 
secondary to progressive peripheral 
retinal elevation (tractional or rheg- 
matogenous) that eventually broke all 
of the chorioretinal adhesions and 
extended to involve the macular area. 
In five cases, macular epiretinal mem- 
brane formation directly distorted 
and elevated the macula. 

It might be argued that many of the 
patients in this series with complete 
reattachment and no reproliferation 
of membranes would have been suc- 
cessful without photocoagulation and 
long-lasting retinal tamponade. At 
present, however, it is not possible to 
identify preoperatively those cases in 
which reproliferation will not occur. 
Furthermore, in light of the potential 
for a poor outcome with severe PVR, 
combined with the extensive emotion- 
al, physical, and monetary require- 
ments for the repair of this condition, 
the high rate ef long-term success 
achieved in this series with one recu- 
perative period appears to warrant 
the use of this comprehensive treat- 
ment approach. 
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Cliniccpathologic Reports 


Hiscopathologic Findings in 


Best’s Vitelliform Macular Dystrophy 


Stephen )’sorman, PhD; William A. Flaherty; Gerald A. Fishman, MD; Eliot L. Berson, MD 


è Postm=rtem donor eyes from a 69- 
year-old men with Best’s vitelliform macu- 
lar dystrepay shewed retinal pigment epi- 
thelial calle across the entire fundus that 
had accumalatec an excessive amount of 
lipofuscin as defined by ultrastructural 
appearamce, autofluorescence studies, 
and staining properties. Lipofuscin accu- 
mulation w-s particularly notable in some 
pigment epithelial cells in the fovea. An 
accumulatien of heterogeneous material 
located beweer Bruch’s membrane and 
the pigmerc epithelium in the fovea was 
believed tc represent the location of a 
previtellitorm lesion. This material ap- 
peared te le derived from degenerating 
pigment epithelial cells and contained 
few intact lipofuscin granules. Foveal 
photorecercor less occurred above the 
lesion ard in miciperipheral sites where 
the subrsthmal space contained collec- 
tions of cutr segment debris and phago- 
cytic cells Best’s vitelliform macular 
dystrophy «appears to be a generalized 
disorder of the pigment epithelium that 
secondarily affects focal areas of the 
retina. 

(Asch 
1268) 
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Bes veelliform macular dystro- 

phy «aa be subdivided into differ- 
ent stage based on the clinical 
appearance of the macula.'? Accord- 
ing to the elassification of Mohler and 
Fine? peti=nts with stage 0 have a 
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normal-appearing macula but an 
abnormal electro-oculogram (EOG). 
Those with stage I show a disturbance 
of the macular retinal pigment epithe- 
lium with window defects on fluores- 
cein angiography. Patients with stage 
II have the typical vitelliform or egg- 
yolk lesions and those with IIa show a 
disruption of the vitelliform cyst or 
“scrambled-egg” phase. Patients with 
stage III have a pseudohypopyon in 
which yellow material forms a fluid 
level in the vitelliform cyst. Patients 
with stage IVa show atrophy of the 
macular pigment epithelium, those 
with IVb show macular scarring, and 
those with IVe show neovasculariza- 
tion of macular scars. Based on a 
study of 54 patients followed up for 
five years, Mohler and Fine? reported 
that for most patients with normal 
maculas, minimal pigment epithelial 
changes, atrophic-appearing maculas, 
or fibrous scars the stage did not 
change while eyes with vitelliform or 


pseudohypopyon lesions progressed to 
later atrophic macular stages. 

Histologic studies of more advanced 
stages (II to IV) have shown an accu- 
mulation of lipofuscin in the retinal 
pigment epithelium and photorecep- 
tor cell loss with atrophy of the under- 
lying pigment epithelium.** Breaks in 
Bruch’s membrane with neovasculari- 
zation of the feveal region have also 
been observed in both histologic* and 
fluorescein angiographic! studies. On 
the basis of histopathologic findings, 
both the retina* and pigment epitheli- 
um? have been suggested as the loca- 
tion of the primary defect. 

In this report, we describe the 
results of light and electron micro- 
scopic findings fram a patient who 
had one eye with the clinical appear- 
ance of stage I and the other eye in 
which the disease had the appearance 
of stage IVb. These eyes provided an 
unusual opportunity to evaluate the 
histopathologic findings of this condi- 
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Fig 1.—Pattern of inheritance of Best’s vitelliform macular dystrophy in family examined in this 


report. 
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Fig 2 —Fundus photographs of daughter (top 
left) and grandson (top right) of donor with 
Bests macuiar dystrophy whose eyes are 
described in this report. Center left, Neovas- 
culamzed scar (S) was present beneath pig- 
menteepithelium (PE) and choroid (C) in macu- 
la of left eye-of donor (Masson's trichrome). 
Center right, Photomicrograph of unstained 
frozem seetion through midperipheral regions 
of lef eye taken with epifluorescent illumina- 
tion. Pigment epithelium is filled with autofluo- 
rescent material that stained with Sudan black 
(bottam left) and was periodic acid-Schiff 
positive (Kottem right). Cells within subretinal 
space wese filled with similar material (see 
text). 





Fig 3.—Gross photographs of fixed right (on left) and left (on right) eyes from donor described in 
this report. White scar, centered on fovea, could be seen in macula ofleft eye; vertical column of 
white deposits was visible temporal to macula. Macula of right eye showed minimal pigment 
disturbance, and similar, vertically aligned series of whitish lesions was visible temporal to 
macula. 
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Fig 4.—Light micrographs of hematoxylin-eosin-stained sections 
through foveal region of left eye. Top, Scar (S) was present between 
choroie (C} and attenuated, but continuous, pigment epithelium (be- 
tween arrowheads). Center, Outer nuclear layer (ONL) in foveal regian 
between vertical arrows was reduced to single, discontinuous layer of 
photorecepror cells, some tipped with small fragments of outer segment 
material (arrowheads). Bottom, Structure of inner nuclear layer (INL) 
and ONL end that of photoreceptor inner and outer segments in 
temporal perafeveal region appeared to be normal in areas immediately 
peripheral to that illustrated in center photograph. All scale bars, 100 
um. 
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Fig 5.—Semithin (1-um-thick) sections of right eye stained with 
toluidine blue. Top, Foveolar region. Collection of extracellular material 
was present between Bruch’s membrane and pigment epithelium (PE) 
in area bounded by two large arrows. Smaller accumulations of same 
material were also present nasally (above each small arrow). Photore- 
ceptor cell nuclear density was reduced in outer nuclear layer (ONL) in 
region immediately above principal lesion (bracket). Center, Midperi- 
pheral region. Apical surface of PE was irregular throughout much of 
midperiphery, but neural retina appeared to be nermal. A few PE cells 
protruded far into subretinal space (inset). IS indicates inner segments; 
OS, outer segments. Bottom, Region temporal to macula. Discrete 
areas of midperiphery showed accumulations of phagocytic cells (C) 
and extracellular debris (X) in subretinal space. There were focal 
reductions of nuclear density in ONL immediately above this material 
(within bracket). Scale bars, 100 um. 
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Fig 6.—Top, Higher-magnification view of area between arrows in top 
photomicrograph of Fig 5. At this magnification, interposition of extra- 
cellular material between Bruch’s membrane (B) and pigment epitheli- 
um (PE) is clearly resolved. In a few places PE cell processes covering 
apical surface of lesion were highly attenuated (eg, between pairs or 
arrowheads). Outer segments (OS) and inner segments (IS) of photo- 
receptor cells above lesion’s apex were shortened and distorted 
(between curved arrows). ONL indicates outer nuclear layer. Bottom, 
Electron micrograph of extracellular substance of lesion (top and 
bottom, left) and of portion of PE cell that forms part of barrier between 
lesion and subretinal space (which is to right and above field illustrat- 
ed). Extracellular accumulation of granular matrix material and variably 
electron-dense, membrane-bound collections of similar material can be 
seen; delimiting membranes of two such collections show interruptions 
(curved arrows). Part of PE cell (outlined by arrowheads) contains 
melanolipofuscin (ML) granules in contrast to surrounding extracellular 
debris in which ML granules cannot be identified. Scale bars: top, 50 
um; bottom, 3 um. 





* 5. » oe 4 
‘ Bae - 2. Wee A 
a As eee 
+à - , 
s jaN E d MT =, 
w d -> a — 
d os r e Es F Pe 
eS Pyn ¢ A 
x à a 
k? 7 - Fa 
7 ka T Y, « 
i a2 =. y 


S4 
Waa 
Te RES T 


pÀ aip 
AN ae 


Fo 
Pee 


Use. 


7 
r 


Fig 7.—Top, Electron micrograph of apical surface of central lesion. 
Extracellular substance (EX) of lesion was isolated from subretinal 
space (SRS) on right by relatively thick portion of pigment epithelial 
(PE) cell that contained melanolysosomes (ML) and phagosomes (PH). 
Outer segments (OS) were enveloped by apical PE cell processes. 
Area enclosed by rectangle is presented at higher magnification in 
upper middle panel. Scale bar, 3 wm. Upper middle, Material within 
lesion (EX) was isolated from subretinal space by extremely thin cell 
process (between arrowheads) and its basement membrane (between 
arrows). Scale bar, 1 um. Lower middle, Basal surface of lesion. In 
contrast to apical surface three PE cell processes do not form a 
continuous barrier between lesion and Bruch’s membrane (below 
border of micrograph) in some regions. Each PE process is surrounded 
by distinct basement membrane (between arrowheads). Scale bar, 2 
um. Bottom, Basal surface of central lesion in another region. Two PE 
cell processes (PE1 and PE2) abut each other (arrow) and form locally 
continuous barrier. In contrast to nonadjacent processes in lower 
middle panel, apical surface of these processes was not invested with 
basement membrane. Lipid bilayer (between arrowheads) that sur- 
rounded mass of finely granular material (G) is clearly resolved in this 
field. Scale bar, 1 um. 


tion at both an early and a late 
stage. 


SUBJECTS, MATERIALS, AND METHODS 


Figure 1 shows the pattern of inheri- 
tance of Best’s vitelliform macular dystro- 
phy in the pedigree of the donor examined 
in this report. The donor (II-9, arrow) had 
a history of “congenital” macular lesions 
with long-standing diminished visual acu- 
ity in his left eye. At age 65 years, his 


reported visual acuities were 20/20 OD and 
20/200 OS. The EOG test results and fun- 
dus photographs were not available for the 
donor. Fundus findings based on gross 
examination (see “Results” section) sug- 
gested a disturbance of the pigment epi- 
thelium in the fovea of the right eye (stage 
I) and a white fibrous scar in the left eye 
(stage IVb). His 64-year-old brother (II-7, 
Fig 1) was examined at the Massachusetts 
Eye and Ear Infirmary, Boston. His visual 
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acuities were 20/200 OU. Electro-oculo- 
graphic testing revealed light-peak to 
dark-trough ratios of 1.0 bilaterally (lower 
normal, 1.8). Fundus examination revealed 
bilateral atrophic-appearing changes in 
the pigment epithelium in each macula 
(stage IVa). The donor’s daughter and 
grandson were examined at the Illinois 
Eye and Ear Infirmary, Chicago. The 
daughter (III-21, Fig 1), at age 44 years, 
had visual acuities of 20/20 OD and 20/60 
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Fig 8.—Eiectron micrograph illustrating variability in appearance of 
pigment epithelial cells at lateral boundary of central lesion of right eye. 
Portions of three different pigment epithelial cells separated membrane- 
bound masses of granular material (X) within lesion from subretinal 
space (SRS) Entire cytoplasmic profile of one cell (PE3) was densely 
packed with melanolysosomes (ML), lipofuscin granules (L), and 
melanin granules (arrows) while that of another (PE2) contained large 
amounts of smooth endoplasmic reticulum. PE1 indicates cytoplasmic 
profile of anather cell; N, nucleus. Scale bar, 10 um. 
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Fig 9.—Top, Electron micrograph of foveal pigment epithelium of right 
eye. Appearance of pigment epithelial cells taroughout fovea was highly 
variable. In this micrograph, cytoplasm of ane cell (PE3) is filled with 
melanolysosomes while that of its neighbor (PE2) contains compara- 
tively few. Area outlined by arrowheads contained melanolipofuscin 
granules and lipofuscin granules that were not bounded by limiting 
membranes. They were surrounded by a graund substance identical to 
that in central foveolar lesion. SRS indicates subretinal space; B, 
Bruch’s membrane. Scale bar, 10 um. Bottom left, Area similar to that 
shown in top photomicrograph, in which melanolysosomes with distinct 
melanin (M) and lysosomal (L) components lacked limiting membranes. 
Scale bar, 0.5 um. Bottom right, Several melanin and lipofuscin 
granules, again without limiting membranes. were embedded within a 
ground substance (GR) similar to that found within membrane-bound 
aggregates of central lesion (compare with bottom photomicrograph of 
Fig 6). Scale bar, 1 um. 


OS, her EOG ratios were abnormally low, 
and she had atrophic macular lesions with 
small fibrotie-appearing scars (stage IVb) 
(Fig 2, tep left). Resolving extrafoveal 
vitelliform sions presented the appear- 
ance of fieckiike deposits distributed tem- 
porally amd inferiorly to the macula. The 
grandson (I-25, Fig 1), at age 12 years, 
had visuakaquities of 20/25 OU and classic, 
intact vitelli’erm (stage II) lesions in both 
eyes (Fig 2, ep right). 

The donordied at age 69 years of carci- 
noma of the stomach with liver metasta- 
ses. During the final 18 months of his life, 
he received wo courses of chemotherapy 
with a combmation of fluorouracil, doxoru- 
bicin hydrochloride (Adriamycin), and 
mitomycin. Buring his final four-day hos- 
pitalization, ne was treated with diuretics 
and analgesics. His eyes were enucleated 
within one heur after death. The right eye 
was immediately fixed by immersion in a 
combination of 1% formaldehyde and 2% 
glutaraldehyde in 0.1 mol/L of sodium 
phosphate-buffer at a pH of 7.4. The tissue 
was further fixed in 2% osmium tetroxide 
in the same buffer and then dehydrated in 
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graded alcohols and embedded in epoxy 
resin. Foveal, parafoveal, and nasal and 
temporal midperipheral retina along the 
horizontal meridian, and superior and 
inferior midperipheral retina along the 
vertical meridian were sampled in semi- 
thin (l-uwm-thick) sections stained with 
toluidine blue. Foveal and both nasal and 
temporal midperipheral blocks were fur- 
ther trimmed for thin sectioning. Thin 


sections were collected on collodian-coated 


slot grids, stained with uranyl acetate-lead 
citrate, and examined with an electron 
microscope. The left eye was fixed immedi- 
ately after enucleation by immersion in 
4% formaldehyde in 0.1 mol/L of sodium 
phosphate buffer at a pH of 7.4. The supe- 
rior and inferior calottes were removed 
and reserved for preparation of frozen 
sections. The rest of the left eye was 
embedded in paraffin. Unstained frozen 
sections were examined for autofluores- 
cence with a fluorescence microscope fitted 
with a mercury lamp and an excitation 
filter with peak emission at 350 nm and a 
440-nm barrier filter. Paraffin sections 
and additional frezen sections were stained 


according to protocols for periodic acid- 
Schiff (PAS) (with and without prior dia- 
stase digestion and acid extraction), Sudan 
black B, Masson’s trichrome, and Alcian 
blue (with and without prior hyaluroni- 
dase digestion). 

The fraction of retinal pigment epitheli- 
al cell volume occupied by lipofuscin was 
determined in a series of electron micro- 
graphs from the affected donor and two 
normal donors of comparable age. For both 
the affected and normal eyes, a series of 
thin sections was taken from the temporal 
horizontal meridian approximately 20° 
eccentric from the fovea. Each block was 
then refaced by removing 100 um of tissue 
and a second series of sections was col- 
lected. The refacing and resectioning were 
repeated once more for the affected eye: 
thus, three samples were prepared for the 
affected eye and two samples were pre- 
pared for each of the control eyes. For each 
sample, a series of 21 to 24 electron micro- 
graphs, at a final magnification of x6000, 
was prepared by making a negative of each 
field in which the pigment epithelium 
occupied the lower left-hand corner of a 
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Fig 10.—Electron micrograph of subretinal space within lesion found 
temporal to macula illustrated in lower photomicrograph of Fig 5. 
Subretinal space in this region contained heterogeneous collection of 
extracellular debris, including some outer segment (OS) fragments, 
melanolysosomes (ML), lysosomes (L), and melanin granules (M plus 
arrow) raising the possibility that some pigment epithelial cells have 
degenerated and released their contents into this space. One cell 
within the space has thin cytoplasmic process that extends from cell 
body and appears to enclose some of this debris. N indicates nuclear 


profiles. Scale bar, 3 um. 


grid square. The fractional volumes of 
lipofuscin granules and melanolysosomes, 
as defined by the ultrastructural criteria 
of Feeney,’ were determined by point- 
counting methods? using a computer-based 
morphometric system (Bioquant II). In the 
“Results” section, only the values from the 
first sample from each eye are presented; 
the replicate samples were used to deter- 
mine the variation of samples prepared in 
this manner; replicate values in each of the 
three eyes varied by a maximum of 4%. 


RESULTS 


Gross examination of the fundus of 
the left eye revealed an irregular 
whitish scar in the fovea and white 
deposits in the region temporal to the 
macula (Fig 3). The scar, 0.5 mm in 
diameter, was found microscopically 
to be located between the pigment 
epithelium and Bruch’s membrane 
(Fig 2, center left, and Fig 4, top) and 
contained some choroidal vessels. 
Immediately above the sear, the outer 
nuclear layer of the retina was 
reduced to a single discontinuous row 
of photoreceptor cell nuclei in an area 
that was centered on the fovea; it was 
also about 0.5 mm in diameter (Fig 4, 
center). The inner segments of surviv- 
ing photoreceptor cells were short- 
ened and tipped by only small bits of 
outer segment material. The photore- 
ceptor cell number appeared to be 
normal in all other areas of the retina 
(eg, Fig 4, bottom) except, as 
described below, at the sites where 
small white deposits could be seen in 
the gross specimen. 

Pigment epithelial cells throughout 
the left eye contained excessive 
amounts of material with the cyto- 
chemical properties of lipofuscin. Spe- 
cifically, the pigment epithelium of 
the left eye was intensely autofluores- 
cent and stained strongly with Sudan 
black V (Fig 2, bottom left) and PAS 


(Fig 2, bottom right). The intensity of 
the PAS reaction was not reduced by 
prior digestion with diastase, and 
sudanophilia was only slightly re- 
duced after hour-long treatment with 
a 1:1 mixture of chloroform and meth- 
yl alcohol. In focal areas temporal to 
the macula, corresponding to the 
white deposits seen on gross examina- 
tion, cells were seen in the subretinal 
space that were filled with material 
having the cytochemical properties of 
lipofuscin (Fig 2, bottom). 

No obvious abnormality could be 
seen in the fovea of the right eye, 
while a vertical row of whitish depos- 
its was visible in a region temporal to 
the macula on gross examination (Fig 
3). Although abnormalities were not 
apparent in the macula of the right 
eye on gross inspection, histologic 
examination revealed material be- 
tween the pigment epithelium and 
Bruch’s membrane in the central 
fovea (Fig 5). The larger central mass 
of this lesion was flanked at irregular 
intervals by smaller accumulations of 
the same material. Within the macu- 
la, obvious photoreceptor cell loss was 
restricted to portions of the foveola 
that appeared to be mechanically dis- 
torted by the lesion under the pigment 
epithelium; in adjacent retinal areas 
the photoreceptors appeared normal. 
This lesion beneath the fovea was 
filled with spherical masses of faintly 
staining material within a largely 
unstained matrix (Fig 6, top). Ultra- 
structurally, the spherical bodies were 
found to be membrane-delimited 
masses of finely granular material 
that were punctuated by many small 
lacunae and some large islands of 
electron-dense material (Fig 7). The 
delimiting membranes were occasion- 
ally interrupted; at these sites the 
contents of the spherical bodies 
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merged with the more electron-lucent 
ground substance of the lesion. Pig- 
ment epithelial cells could be seen 
within the central mass of the lesion 
(Fig 6, bottom). Other constituents of 
the lesion included small fragments of 
membranes and some melanin gran- 
ules. 

The material within the lesion was 
separated from the subretinal space 
by pigment epithelial cells and their 
processes and from the choriocapillar- 
is by Bruch’s membrane or by Bruch’s 
membrane plus pigment epithelial 
processes (Figs 6 and 7). Although the 
pigment epithelial cell processes that 
extended over the lesion’s apex were 
extremely attenuated, no gaps were 
found in this barrier in an extensive 
series of sections taken at multiple 
levels through the lesion, nor was 
there any material within the subreti- 
nal space that resembled that found 
within the substance of the lesion. 
Short fragments of outer segment 
material were associated with apical 
microvilli of the flattened pigment 
epithelial cell bodies that flanked the 
apex of the mass, and phagosomes 
were present within the cytoplasm of 
those cells (Fig 7). Peripheral to the 
fovea, the pigment epithelium of the 
right eye was characterized by an 
irregular apical surface and occasion- 
al cells that protruded deeply into the 
subretinal space (Fig 5, center and 
bottom). 

Additional abnormalities were ob- 
served in the pigment epithelium 
immediately adjacent to the central 
lesion. Along the central lesion’s lat- 
eral margins, two to three pigment 
epithelial cells were stacked on top of 
one another. Some cytoplasmic pro- 
files were nearly entirely filled with 
lipofuscin and melanolipofuscin gran- 
ules, while other cells contained few 
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cytoplasmie erganelles other than 
smooth endopiasmic reticulum (Figs 8 
and 9). Several cells had electron- 
dense cytoplasm and abnormally con- 
densed nuclecplasm (Figs 8 and 9). 
Other cells ecentained lipofuscin and 
melanolipotusein granules that were 
not surroumded by limiting mem- 
branes and whose electron-dense con- 
tents appeared to be fusing with the 
surrounding cytesol (Fig 9). 

Electron microscopic examination 
of this rigat eye also revealed that 
pigment epithelial cells contained 
large amounts of lipofuscin, much of 
it complexed with melanin to form 
melanolipofuscin granules (Figs 6, 8, 
and 9). Since we did not perform 
enzyme cytechemistry studies to dem- 
onstrate the presence of lysosomal 
enzymes, we will refer to them as 
melanolipofus‘in granules rather 
than melanolysosomes. The qualita- 
tive finding of an unusual accumula- 
tion of lipotusein in the pigment epi- 
thelium of this donor in the left eye 
(Fig 2) was confirmed by morphomet- 
ric analysis of the pigment epithelium 
of the right 2ye. We found that 32% of 
the cytoplasmic volume of midperi- 
pheral pigment epithelial cells from 
the right eye was occupied by lipofus- 
cin and melanolipofuscin granules. 
Quantification of two identically sam- 
pled eontro! eves of comparable age 
(from two diferent normal donors) 
yielded values of 18% and 24%. Repli- 
cate samples of both affected and 
control eyes varied by 4% or less. 

In discrete areas of the region tem- 
poral to the macula of the right eye, 
where smal! white deposits had been 
seen in the gross specimen (Fig 3), the 
normally clase apposition between the 
pigment epithelium and the neural 
retina was mterrupted by accumula- 
tions of debris and phagocytic cells 
(Fig 5). Bleetron microscopic exami- 
nation of the might eye in this region 
showed that most cells in the subreti- 
nal space hac flattened cell bodies 
from which thm cytoplasmic process- 
es emanatec te envelop extracellular 
masses of debris, including outer seg- 
ment material, melanin granules, and 
some lipofuseinlike material (Fig 10). 
Other phageeytic cells had spherical 
cell bedies that were densely packed 
with the same materials. In one 
instance, a Cesmesome connected one 
of these latter ceils to the continuous 
sheet ef pigment epithelial cells lining 
Bruch’s membrane. Photoreceptor cell 
number was reduced immediately 
above the debris in the subretinal 
space, and the inner and outer seg- 
ments of surviving photoreceptors 
were shortened. There was no obvious 
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photoreceptor cell loss in adjacent 
areas where the neural retina directly 
apposed the pigment epithelium. 


COMMENT 


The abnormally low EOG light- 
peak to dark-trough ratios seen in 
patients with Best’s vitelliform macu- 
lar dystrophy suggest generalized 
dysfunction of the pigment epitheli- 
um. The only widespread morphologic 
abnormality of pigment epithelial 
cells in the postmortem donor eyes of 
this patient was what appeared to be 
an unusual intracellular accumulation 
of lipofuscin and melanolipofuscin. In 
the left eye, material within the pig- 
ment epithelium was identified as 
lipofuscin by the criteria of autofluor- 
escence, sudanophilia partially resis- 
tant to extraction with organic sol- 
vents, and positive PAS staining. In 
the right eye, lipofuscin and melanoli- 
pofuscin granules were identified by 
ultrastructural criteria. The impres- 
sion that there was an elevated level 
of lipofuscin in the right eye was 
confirmed by quantitative findings in 
which a greater fraction of the cyto- 
plasm of pigment epithelial cells of 
the right eye of the donor was occu- 
pied by lipofuscin than in either of 
two normal controls of comparable 
age. It is impossible to attach a statis- 
tical significance to these quantitative 
observations because only a single 
affected eye was examined. It is 
important to note, however, that these 
data are in accord with the qualitative 
observations of two previous reports 
that stated that the pigment epitheli- 
um contains abnormal amounts of 
lipofuscin in Best’s vitelliform macu- 
lar dystrophy.** The possible etiologic 
significance of lipofuscin accumula- 
tion remains unclear and could only 
be established by histologic methods 
through the examination of additional 
eyes at different disease stages. 

Although our data and those of 
others** suggest a role for lipofuscin 
in the pathogenesis of this dominantly 
inherited disorder, we found that the 
previtelliform or partially resorbed 
central lesion in the right eye con- 
tained little material with the ultra- 
structural characteristics of lipofus- 
cin. Several findings suggest that the 
material beneath the pigment epithe- 
lium in the central lesion in our 
patient contained debris derived from 
pigment epithelial cell degeneration. 
The most compelling evidence for pig- 
ment epithelial cell degeneration was 
the finding of some cytoplasmic pro- 
files near the central lesion that con- 
tained  melanolipofuscin-lipofuscin 
granules whose delimiting mem- 


branes were discontinuous; the elec- 
tron-dense contents of these granules 
appeared to be fusing with the sur- 
rounding cytosol (Fig 9). It is unlikely 
that the dissolution of these granules 
represents a fixation artifact because 
granules within immediately adjacent 
cells were intact. The lipofuscin-mela- 
nolipofuscin compartment of pigment 
epithelial cells has been shown to con- 
tain lysosomal enzyme activities,’ and 
the disruption of membranes that 
normally isolated these enzymes from 
the cytoplasmic compartment repre- 
sents a potentially lethal insult to 
these cells. In addition, a few pigment 
epithelial cells were found at the bor- 
ders of the lesion that had electron- 
dense cytoplasm and nucleeplasm 
suggestive of the early stages of 
degeneration (Fw 9). 

The lesion in the right eye of the 
present patient was a stage I lesion 
(minimal pigment epithelial changes) 
based on the gross examination but 
appeared to be a previtelliform lesion 
or a partially resorbed lesion based on 
the microscopic examination. Unlike 
what has been previously suggested, 
that the material constituting the 
vitelliform lesion accumulates either 
within the pigment epithelial cells or 
is secreted by the retinal pigment 
epithelium under the neurosensory 
retina,’ the present study shows that 
the debris, which represented either a 
previtelliform lesion or a partially 
resorbed lesion, accumulates between 
the thin, but intact, retinal pigment 
epithelium and Bruch’s membrane. If 
the findings in the right eye are typi- 
cal of early lesiens, then vitelliform 
lesions would appear to develop 
because structurally intact pigment 
epithelial cells form a barrier ta mate- 
rial that accumulates beneath these 
cells. A limited paotereceptor cell loss 
occurs directly over the lesion, per- 
haps because the neural retina is 
mechanically distorted or because the 
lesion creates a diffusion barrier 
between the retina and the cherioca- 
pillaris. The location of the lesion 
beneath the pigment epithelium and 
the apparently secondary nature of 
the photoreceptor cell loss are consis- 
tent with the relatively good visual 
acuity and favorable short-term prog- 
nosis of patients with early-stage 
vitelliform lesions.'? 

While our findings do not directly 
address the mechanisms of further 
progression, disruption of the highly 
attenuated pigment epithelia! cell 
barrier would seem likely in some 
patients and wouid lead to the forma- 
tion of a “vitelliruptive” lesion in 
which lesion-derived material entered 
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the subretinal space with scar forma- 
tion, damage to photoreceptors, and 
loss of visual acuity. Lesions exam- 
ined long after lesion rupture might 
contain little of the type of debris 
present in previtelliform or intact 
vitelliform lesions but rather might 
contain small amounts of residual 
material beneath the pigment epithe- 
lium, as illustrated in previous 
reports.” 

One hypothesis suggested by these 
data, in particular by the abnormal 
accumulation of lipofuscin within pig- 
ment epithelial cells, is that patholog- 
ic alterations are initiated by the 
inability of pigment epithelial cells to 
degrade efficiently the outer segment 
material they phagocytize. This defi- 
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pathologic study of Best’s macular dystrophy. 


cit could affect the pigment epitheli- 
um throughout the globe, and may, by 
a yet-to-be determined mechanism, 
lead to the characteristic abnormal 
EOG seen in this condition.” 
Although the pigment epithelium 
itself appears abnormal in Best’s dys- 
trophy, we cannot exclude the possi- 
bility that some abnormal outer seg- 
ment component cannot be degraded 
by an otherwise normal pigment epi- 
thelium. In any event, the histologic 
findings presented herein and else- 
where argue persuasively that future 
opportunities to examine eyes ob- 
tained at autopsy from patients with 
Best’s vitelliform macular dystrophy 
should focus on biochemical or cell 
culture studies of the pigment epithe- 
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lium. Given the scarcity of suitable 
autopsy material, the establishment 
of pigment epithelial cell lines from 
such affected eyes would provide a 


source of material for a variety of « 


experimental approaches. For exam- 
ple, a more precise biochemical defini- 
tion of the lipid species within the 
pigment epithelium of affected eyes 
might lead to identification of a spe- 
cific enzymatic defect that underlies 
the accumulation of lipofuscin. 
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Hemangiopericytoma of the Ciliary Body 


Stephen C. Gieser, MD; Thierry J. Hufnagel, MD; Patricia A. Jaros, MD; 
_ Douglas MacRae, MD; Ali A. Khodadoust, MD 


è A 60-year-ole woman had a ciliary 
body tumor that resembled an amelanotic 
malignant melanoma by clinical examina- 
tion. The magnetic resonance imaging 
scan correlated with the clinical diagno- 
sis. Because of apparent rapid growth, 
her eye was snucieated. However, histo- 
pathologic examination revealed a highly 
vascalarized, spincle-cell tumor harboring 
immunoreactive actin and vimentin. Elec- 
tron microscopy further supported the 
diagnosis of hemangiopericytoma with 
smocth-muscie differentiation. To our 
knowledge, this is the first report of a 
hemangiepericytoma of the ciliary body. 

(Asch Ophthaimol 1988;106:1269- 
1272) 


Hearangoperictoma is an unusual 
soft-tissue neoplasm that is 
derived from pericytes,! the mesen- 
chymal cells that surround capilla- 
ries. This neoplasm is usually benign; 
however, it is known to have unpre- 
dictable behavier, and malignant 
forms with distant metastases have 
been reported.’ 

Theoretically, this tumor can arise 
from any vascularized tissue, but it is 
most commenly found in the lower 
extremities, retroperitoneum, and 
soft -issues of the head and neck. 

Hemangionerieytoma of the ocular 
structures & distinctly uncommon, 
with the vast majority of cases affect- 
ing the orbit.** Isolated reports of 
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hemangiopericytoma involving the 
conjunctiva,° lids,’ lacrimal sac,* cho- 
roid,’ and optic nerve” are on record. 
To our knowledge, we are presenting 
the first case of a hemangiopericyto- 
ma of the ciliary body. 


REPORT OF A CASE 


A 60-year-old woman was referred to the 
Yale Eye Center, New Haven, Conn, for a 
ciliary body mass in her right eye. She 
complained of a one-month history of 
blurred vision in that eye. 

The best corrected visual acuity in the 
involved right eye was 20/40; best cor- 
rected visual acuity OS was 20/20. The 
right pupil was ovoid and did not react to 
light. The left pupil was 3 mm and reacted 
to light. There was no afferent pupillary 
defect. 

Examination of the right eye revealed a 
prominent episcleral vessel at the 6:30- 
o'clock position, 2 mm below the limbus. 
The cornea showed fine endothelial keratic 
precipitates. The anterior chamber was 
shallow temporally and had 2+ cell and 
flare. There were dilated radial vessels at 
the base of the pupil at the 8-o’clock posi- 
tion. The lens showed trace nuclear sclero- 
sis and had posterior synechiae from the 2- 
to 4-o’clock positions. 

On gonioscopy, the right angle was open 





Antibody 


Antimelanoma antibody 


Results of Immunostaining of the Tumor * 


Tumor Cells 


to the scleral spur, except for an area 
between the 7:30- and |1-o’clock positions, 
where the iris was bewed forward such 
that only trabecular tips could be seen. 
There was no dialysis. 

Through the pupil, a gray-white mass 
was visible, extendimg from the 7:30- to the 
11-o’clock position. The mass was covered 
with large blood vessels and transillumi- 
nated. There was an area of iris transillu- 
mination between the & and 9-o’cloek posi- 
tions at the base of the iris. 

Examination of the left eye revealed no 
abnormalities. The tensions by applana- 
tion were 24 OD and 20 OS. 

Fundus examination of the right eye 
revealed a hazy vitreous without cells. The 
disc was pink, with a blurred margin 
nasally. The macula contained surface 
wrinkling maculopathy. Peripherally, the 
gray-white mass ceuld be seen overlying 
the ciliary body and pars plana between 
the 7:30- and 11-o’clock positions. The reti- 
na beneath the area was flat. 

Fluorescein angiography of the right iris 
demonstrated a ciliary body mass from the 
7:30- to 9:30-o’clock positions, whieh con- 
tained large vascular channels. B scan 
ultrasound was attempted, but the anteri- 
or location of the kesion precluded defini- 
tive results. 

A magnetic resonanee imaging scan of 
the head and orbits revealed a prominent 






Ciliary Muscle 


Ulex europaeus | lectin 
Epithelial membrane 
Cytokeratin 


* Three plus signs indicate intense staining; two plus signs, moderate staining; one plus sign, focal staining in 
isolated cells; and minus sign, no staining. 
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Fig 1.—Highly vascular mass arises from inner portion of ciliary body 
stroma and ruptures (arrowheads) pigmented epithelium (hematoxylin- 
eosin, original magnification X3.3). 
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Fig 2.—Reticulum stain highlights compressed ‘‘staghorn’’ branching Fig 4.—Immunoreactive actin strongly decorates cytoplasm of tumor 
pattern (original magnification X25). cells (left) (avidin-biotin-peroxidase complex), which have focally high 


mitotic index (right) (left and right, original magnification X 100). 
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Fig 3.—Solid sheets of spindle cells with indistinct eosinophilic Fig 5.—Positive immunostaining for desmin of ciliary body muscle (top) 
cytoplasm obliterate underlying vasculature (hematoxylin-eosin, origi- contrasts with lack of desmin within tumor cells (bottom) (avidin- 
nal magification X50). biotin-peroxidase complex, original magnification X40). 
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ciliary body mass in the right eye, with 
slight increase im signal intensity on the 
T,-weighted images. On the T.-weighted 
images, the lesion was moderate in signal 
intensity. The magnetic resonance imaging 
scan was considered “highly suggestive” of 
a melanoma that was only partially mela- 
notic. 

The patient was given 5% homatropine 
hydrdbromide twice daily and 1% dexa- 
methasone (Decatron) every four hours in 
the rizht eye. The patient was reexamined 
threeweeks later. At that time, the ciliary 
mass appeared to be enlarging, extending 


from the 630- to 11:30-o’clock position. . 


Because of che expanding nature of the 
ciliary body mass and the inability to 
defintely ruie out a malignant melanoma, 
the patient underwent an enucleation of 
the rizht eye without complications. 


PATHOLOGIC FINDINGS 
Gross 


The enucleated right eye was normal in 
size and appearance. Sectioning disclosed a 
well-@reumscribed, pedunculated, firm, 
gray-white mass.measuring 7 X 6 X 6 mm, 
attached to the imferotemporel ciliary body 
by a narrew base The tumor splayed the 
ciliary processes and pushed the iris slight- 
ly forward. Yo angle closure or iris atrophy 
was noted. The lens was slightly indented 
without subluxation. 


Microscepic Examination 


Methods.—The specimen was fixed in a 
4% fermaidehyde solution. In addition to 
hematoxylim-eosin, special stains included 
periodic acic-Selff, reticulum, Mallory’s 
phosphotungstic acid-hematoxylin, Mas- 
son-trichrome, and Fontana-Masson. 

Immunehistochemical examination was 
performed as follows: 6-um sections were 
mounted fpem the  paraffin-embedded 
blocks on polylysine-coated slides and 
placed in the oven for 45 minutes at 56°C. 
The sections were then deparaffinized and 
incubated cvernight with the primary 
antibedy at 4°€. The primary antibodies 
and dilutioms we used were actin (mono- 
clonal, EAB 933, Enzo Biochemical, New 
York (1/8000); desmin (polyclonal, A611, 
Dako Corp, Santa Barbara, Calif [1/800]); 
vimentin (menccienal, MA 074-5C, Biogen- 
ex Laboratories, Dublin, Calif [commer- 
cially diluted]); 3100 (polyclonal, Z311, 
Dako Corporation [1/800]); antimelanoma 
antibedy (monoclonal, HB45, EAB930, 
Enzo Biochemical [1/6400]); factor VIII- 
related antigen (polyclonal, A682, Dako 
Corporation [145000]); Ulex europaeus I 
Lectin (polyclonal, AS2064, Vector Labora- 
tories. Burlingham, Calif [1/200]); epitheli- 
al membrane antwen (monoclonal, M613, 
Dako Corporation 1/160]); and cytokeratin 
(moneclemal. EMB072, Boehringer MB, 
Indianapolis 1/50 with trypsinization)}). 

This was followed by one-half hour incu- 
bation with bietinylated secondary anti- 
body and avidin-biotin-peroxidase complex 
(Veeter Laberateries). The enzyme reac- 
tion product-waseleveloped with 17 ug/dL 
of diammebenzidine with 0.03% hydrogen 
peroxidase. Normal rabbit serum and 
mouse ascitic fluid were used to detect any 
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magnification X 1600). Top inset, Focally condensed filaments (CF) (arrowhead) (original 
magnification X20000); bottom inset, patches of basement membrane (BM) (arrowhead) 


(original magnification X8000). 


nonspecific staining product. The results of 
the immunostaining are presented in the 
Table. 

Light Microseopy.—Multiple sections 
through the full thickness of the mass 
disclosed a well-circumscribed, unencapsu- 
lated tumor originating from the inner 
portion of the ciliary body stroma through 
a narrow stalk. The mass expanded 
through the ciliary processes, causing rup- 
ture of the pigmented epithelium (Fig 1). 
Whereas centrally the tumor cells assumed 
a solid pattern without clearly recogniz- 
able underlying vasculature, the peripher- 
al portion of the neoplasm revealed a defi- 
nite branching pattern of thin-walled vas- 
cular spaces with flattened endothelium. 
This “staghorn” branching pattern was 
highlighted with reticulum stains (Fig 2). 

The neoplasm was composed of tightly 
packed, spindle-shaped cells with oval-to- 
round nuclei and poorly outlined eosino- 
philic cytoplasm (Fig 3). Conspicuous 
nucleoli were absent. 

In places, the mitotic index was high, 
with three to four mitoses seen per high- 
power field. Focally, the tumor cells dis- 
closed slightly vesicular nuclei and more 
sharply outlined clear cytoplasm. No posi- 
tive cytoplasmic staining was seen on Mas- 
son-trichrome, Mallory’s phosphotungstic 
acid-hematoxylin, or Fontana-Masson 
stains. There were no hemorrhagic or 
necrotic foci in the tumor. 

Immunoperoxidase staining for actin 
disclosed diffuse, strong cytoplasmic 
immunoreactivity (Fig 4). The tumor cells 
showed a less intense, focal reactivity for 
vimentin. Staining for desmin was nega- 
tive throughout the tumor; however, the 
adjacent normal ciliary body muscles 
stained brightly (Fig 5). Immunostains for 
antimelanoma antibody, S100, epithelial 
membrane antigen, cytokeratin, factor 
VIII-related antibody, and Ulex europaeus 


I lectin were unifermly negative. 

Electron Microscopy.—Parts of the tumor 
were retrieved from the paraffin block and 
subsequently processed for electron mi- 
croscopy. Tissue preservation was subopti- 
mal. 

Oval cells with relatively clear cyto- 
plasm and scattered organelles showed 
infrequent collections of thin filaments in 
association with dense bodies approxi- 
mately 1000 to 2000 nm in thickness. These 
focally condensed filaments were noted 
mostly around the periphery of the cells. 
Cell-to-cell contacts of the type seen 
between mesenchymal! cells were present. 
In addition, patches of basement mem- 
brane material were seen (Fig 6). No evi- 
dence of melanogenesis, desmosomes, or 
neurosecretory granules were noted. 


COMMENT 


When Stout and Murray" first 
described hemangiopericytoma in 
1942, they postulated that the tumor 
was composed of perivascular peri- 
cytes. Despite efforts of numerous 
investigators since that initial report, 
criteria for defimitive diagnosis and 
clinical course remain elusive. 

Unlike other mesenchymal cells, 
pericytes lack readily identifiable cel- 
lular features. With a light micro- 
scope, they are often difficult to dis- 
tinguish from fibroblasts, histiocytes, 
and endothelial cells. 

Diagnosis rests mainly on pattern 
recognition of its cytological architec- 
ture. Multiple blood vessels of varying 
shapes and sizes course through the 
tumor, giving a staghorn appearance. 
A profuse proliferation of extralumi- 
nal pericytes surround the numerous, 
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thin-walled, endothelial-lined spaces. 
Reticulin stain demonstrates that the 
cells proliferate outside the reticulin 
sheath of the capillaries. 

Typically, the ultrastructural find- 
ings recapitulate those of normal per- 
icytes.’? The cells have elongated cyto- 
plasmic processes with pinocytotic 
vesicles. There are few intracytoplas- 
mic organelles and patches of basal 
lamina. Cytoplasmic bundles of con- 
densed microfilaments, such as were 
seen in this case, indicate myogenic 
differentiation." 

Immunohistochemical examination 
is helpful in confirming the diagnosis. 
Hemangiopericytomas stain positive- 
ly for actin and vimentin, but lack 
desmin and endothelial cell markers, 
such as factor VIII-related antibody 
and Ulex europaeus I lectin." 

Diagnostic difficulty arises with 
tumors featuring a hemangiopericyto- 
malike pattern, such as benign and 
malignant fibrous histiocytomas, sy- 
novial sarcoma, extraskeletal mesen- 
chymal chondrosarcoma, and glomus 
tumor.’ However, these are typically 
not intraocular tumors. 

Three neoplasms should be consid- 
ered in the clinical and pathologic 
differential diagnosis of this ciliary 
body tumor: malignant melanoma, 
metastatic breast carcinoma, and vas- 
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cular leiomyoma. 

Malignant melanomas can often 
have a hemangiopericytomalike pat- 
tern, with numerous staghorn vessels 
coursing through the mass.'’ A mela- 
noma can be excluded in this case, 
because of the negative S100 and anti- 
melanoma antibody immunostaining. 
Additionally, electron microscopy did 
not show any sign of melanogenesis. 

Metastatic breast carcinomas can 
also resemble hemangiopericytoma. 
In our patient, the physical examina- 
tion and metastatic workup did not 
reveal any other area suspicious for 
tumor. By immunohistochemical ex- 
amination, breast carcinomas contain 
epithelial cell markers, which were 
negative in this patient. 

The most important differential 
diagnosis for this neoplasm is a vascu- 
lar leiomyoma. Leiomyomas have 
been reported in the ciliary body," 
and vascular leiomyomas containing 
pericytes have been reported in the 
choroid. Like hemangiopericytomas 
with smooth-muscle differentiation, 
leiomyomas stain positively with 
actin.’ 

Although the tumor in this case had 
smooth-muscle differentiation, it 
could be differentiated from a leio- 
myoma with electron microscopy by 
the paucity of filaments, the small 
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size of the dense bodies, and the lack 
of immunostaining for desmin. Fur- 
thermore, the staghorn vascular pat- 
tern and the aggressive, expansile 
growth of this tumor made leiomyoma 
an unlikely diagnosis. 

Hemangiopericytomas can be either 
malignant or benign. Several investi- 
gators have attempted to correlate the 
clinical behavior with histologic fea- 
tures, such as foci of hemorrhage and 
necrosis, pleomorphism, and number 
of mitotic figures. However, no statis- 
tically significant correlations have 
been found among the histologic pat- 
tern, size of tumor, and/or age, race, 
or sex of the patient.*'° Data regard- 
ing the relative incidence of benign 
and malignant behavior vary consid- 
erably. Benign tumors are more com- 
mon than malignant. 

Metastasis usually develops late in 
the clinical course of the disease.’ 
Metastasis can spread by both lym- 
phatic and blood vessels, commonly to 
bone and lung. The majority of recur- 
rent tumors metastasize at a later 
date. 

Because of this case, we feel that 
hemangiopericytoma should be added 
to the long list of differential diagno- 
ses when one is confronted with a 
ciliary body neoplasm. 
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Rapid Visualization of Acanthamoeba Using 


Fluorescein-Conjugated Lectins 


Jeffrey B. Robin, MD; Roger Chan; Burton R. Andersen, MD 


e We investigated the efficacy of fluo- 
rescein-conjugated lectins (FCLs) for the 
rapid visualization of Acanthamoeba spe- 
cies. Cultures of Acanthamoeba castel- 
lani, Acanthamoeba culbertsoni, and 
Acanthamoeta polyphaga were estab- 
lished on nonnutsient agar plates supple- 
mented with Escherichia coli. Maximal 
trophozoite popuiations were established 
four to five days after initial subculturing; 
mature cysts were routinely noted three 
to six days later. At various time points, 
trophozoites and/or cysts were har- 
vested and suspended in Page’s saline. 
Following a previously described proto- 
col, samples of the suspensions were 
placed omglass slides and incubated with 
one of a panel of 14 FCLs. At the end of 
the incubation period, the slides were 
examined using an epifluorescence 
micrescope. Cencanavalin A brightly 
stained both cysts and trophozoites. 
Wheat germ agglutinin brightly stained 
cystsbut only minimally stained trophozo- 
ites. These results suggest that FCLs may 
be useful for rapid visualization of Acan- 
thameeba organisms in corneal infec- 
tions. 

(Arch 
1276) 


Ophthalmol 1988;106:1273- 


A key to the successful treatment of 
acanthamoebic keratitis is the 
rapid detection of these organisms in 
tissue samples. Growing acantha- 
moebae in culture may require several 
days to weeks, delaying both diagnosis 
and institution of appropriate thera- 
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py. Rapid detection of these protozoal 
organisms, therefore, requires the use 
of staining techniques. In general, 
routine microbiologic stains do not 
sufficiently differentiate Acantha- 
moeba organisms from background 
cells and tissue.'? The potential for 
more specific stains has recently been 
investigated. Calcofluor white (CFW), 
a laundry-brightening agent, has been 
reported to be effective in staining 
acanthamoebic cysts**; trophozoites, 
however, do not appear to stain well 
with this technique.‘ An indirect fluo- 
rescent antibody directed against 
Acanthamoeba organisms, although 
found to be highly specific,’ is not yet 
commercially available. In a further 
attempt to identify a widely available, 
rapidly performed technique for the 
identification of acanthamoebae, we 
report herein our preliminary experi- 
ence with the use of fluorescein-conju- 
gated lectins (FCLs) in staining both 
morphologic forms of the organism. 


MATERIALS AND METHODS 
Acanthamoeba Cultures 


For this study, authentic ocular patho- 
genic strains of Acanthamoeba organisms 
were obtained (American Type Culture 
Collection, Rockville, Md). Acanthamoeba 
castellani, Acanthamoeba culbertsoni, and 
Acanthamoeba polyphaga were subcul- 
tured and maintained on nonnutrient agar 
plates supplemented with Escherichia coli 
(strain K18). Culture plates were stored at 
37°C in a 5% carbon dioxide atmosphere. 
Wet-mount preparations of the cultures 
were examined daily using phase-contrast 
microscopy for optimal acanthamoebic 
growth. Maximal trophozoite populations 
were established four to five days after 
initial subculturing; most of the organisms 
completed encystment and formed mature 
cysts approximately three to five days 
later. 


At various time points, the cultures were 
prepared for FCL study. Four milliliters of 
Page’s saline’ was added to each culture 
plate for 15 minutes at room temperature. 
Trophozoites and/or cysts were harvested 
by centrifugation at 250 g for ten minutes. 
The pellets were resuspended in 1 mL of 
Page’s saline for FCL binding. From each 
suspension of organisms, 100 uL was 
placed directly onto an alcohol-cleaned, 
glass, microscope slide and air dried. The 
slides were then fixed by placing them in 
cold 95% alcohol tor five minutes. 


FCLs 


The following commercially available 
FCLs (Vector Laboratories, Burlingame, 
Calif) were used: concanavalin A (ConA), 
wheat germ agglutinin (WGA), succinyl- 
ated WGA, peanut agglutinin, soybean 
agglutinin, Dolichos bifloris agglutinin, 
Ulex europaeus agglutinin, Ricinis commu- 
nis agglutinin, Lens culinaris agglutinin, 
Bandeira simplicifolia agglutinin, Pisum 
sativum agglutinin, Sophora japonica 
agglutinin, Phaseolus vulgaris leukoagglu- 
tinin, and P vulgaris erythroagglutinin. 


FCL Binding Technique 


For FCL binding, a previously described 
protocol? was slightly modified. Basically, 
each FCL was diluted to a concentration of 
0.02 mg/mL by mixing 5 uL of the FCL 
with 495 uL of TRIS buffer. The fixed 
slides were incubated in a solution (pH 7.2) 
of TRIS buffer and bovine serum albumin 
for five minutes. The slides were drained of 
excess buffer, anc 100 „L of the diluted 
FCL was placed on each slide. The slides 
were placed in humidified chambers and 
incubated for 20 minutes in the dark at 
room temperature: At the end of the incu- 
bation period, the slides were rinsed with 
TRIS buffer and cever glasses were 
mounted using an aqueous, nonfluorescing 
mounting medium (Immun-Mount, Shan- 
don Inc, Sewickley, Pa). The slides were 
examined using ar epifluorescence micro- 
scope (Wild, Leitz and Leica, Wetzlar, 
West Germany) and photographs were 
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taken using an Olympus OM-2 camera with 
Kodak Ektachrome 800/1600 ASA film 
(exposure index, 1600). An independent 
examiner graded the degree of fluores- 
cence on a scale from 0 (no fluorescence) to 
4+ (very-bright fluorescence). Each trial 
for an individual culture and an individual 
FCL was repeated a minimum of three 
times. 


FCL Staining of Acanthamoeba Cysts and Trophozoites* 


Acanthamoeba 
polyphaga 
— equim 
Trophozoite 


Acanthamoeba 
culbertsoni 
oO ~ 
Trophozoite Cyst 


Acanthamoeba 
castellani 
er 
Trophozoite Cyst 


Binding Inhibition Studies 


Both negative and positive control 
studies were performed to determine the 
specificity of FCL binding to the orga- 
nisms. Negative control studies were per- 
formed by incubating fixed slides with a 
mixture of individual FCL and its known 
specific sugar. Positive control studies con- 
sisted of incubating fixed slides with a 
mixture of an FCL and a nonspecific sugar. 
The sugars (Sigma Chemical Co, St Louis) 
included 0.5 mol/L of methyl-alpha-p- 
mannopyranoside, N-acety1-D-glucos- 
amine, 1-O-methyl-beta-D-galactopyrano- 
side, and N-acetyl-D-galactosamine. 


RESULTS 





*FCL indicates fluorescein-conjugated lectins; 0, no staining; 1, minimal staining; 2, moderate staining; 3, 
bright staining; 4, very-bright staining; ConA, concanavalin A; LCA, Lens culinaris agglutinin; PSA, Pisum 
sativum agglutinin; RCA, Ricinus communis agglutinin; SJA, Sophora japonica agglutinin; BSA, Bandeira 
simplicifolia agglutinin; SBA, soybean agglutinin; PNA, peanut agglutinin; WGA, wheat germ agglutinin; SWGA, 
succinylated wheat germ agglutinin; DBA, Dolichos bifloris agglutinin; PHAL, Phaseolus vulgaris \eukoagglutin- 


We found that FCL incubation with 
samples from suspensions of stock 
Acanthamoeba cultures produced a 
definitive and reproducible binding 
pattern (Table). For all three species, 
cysts and trophozoites were consis- 
tently visualized using several of the 
FCLs. Fluorescein-conjugated ConA 
produced the brightest degree of 
staining (3+ to 4+) of both trophozo- 
ites (Fig 1) and cysts (Fig 2) for all 
three species. Fluorescein-conjugated 
WGA (F-WGA) stained trophozoites 
brightly (8+) (Fig 3) but only moder- 
ately (2+) stained cysts. The remain- 
ing 12 FCLs produced only minimal 
(1+) or moderate (2+) degrees of 
organism staining. The majority of 
the staining appeared to be confined 
to the walls of the cyst or the plasma 
membrane of the trophozoite. 

Negative control studies consistent- 
ly demonstrated diminution of Acan- 
thamoeba staining by the addition of 
the specific sugar to the FCL before 
incubation with the organisms. In the 
positive control studies, no decrease in 
staining was noted. 


COMMENT 


Acanthamoebae are ubiquitous, 
free-living parasites that are found in 
fresh water and soil. Clinical infec- 
tions produced by these opportunistic 
organisms primarily involve the cen- 
tral nervous system and cornea. Acan- 
thamoebic keratitis is a potentially 
devastating disorder characterized by 
a painful and progressive course that 
may result in severe loss in visual 
acuity. The documented incidence of 
this corneal infection, once thought to 
be uncommon, has been increasing 
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Fig 1.—Very-bright staining of two Acanthamoeba polyphaga trophozoites with fluorescein- 
conjugated conconavalin A. Note, also, staining of Escherichia coli rods (arrows) (original 


magnification X240). 


over the last five years.*'? Two of the 
primary factors associated with this 
increase are a heightened clinical sus- 
picion and more widespread use of 
contact lenses. Treatment of acantha- 
moebic keratitis is frequently unsatis- 
factory. This appears to be attribut- 
able, in part, to a delay in diagnosis, a 
common feature of these infections. 
Recent case reports of patients suc- 
cessfully treated with medications 
alone (M. B. Moore, MD, oral commu- 
nication, November 1987) have em- 
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phasized the need for rapid identifica- 
tion of the organisms and institution 
of appropriate therapy. 

Successful culturing of Acantha- 
moeba organisms can be problematic. 
In addition to the necessity of using 
specialized transport and culture 
media, the organisms may take sever- 
al days to grow. In light of the poten- 
tial severity of acanthamoebic ocular 
infections, this delay in identification 
has spawned a search for rapid, sensi- 
tive, staining techniques. Routine 
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techniques (eg, Gram’s, Wright’s, and 
Giemsa staims) have poor specificity 
for staining Acanthamoeba; it is diffi- 
cult to differentiate organisms from 
background cells and tissue compo- 
nents. The use of fixed tissue stains 
(eg, periodic acid-Schiff, hematoxy- 
lin-eosin, and Gemori’s methenamine 
silver) often results in similar speci- 
ficity problems and requires trained 
personnel.’ 

Recently, two staining techniques 
have been described that appear to 
provide better visualization of Acan- 
thameeba organisms. Calcofluor 
white has been demonstrated to bind 
to chitin and cellulose, polymers of 
-linked polysaccharides.'’*> The pres- 
ence ef these compounds in the cell 
walls of certain fungi has enabled 
CFW to be used im the visualization of 
some mycotic organisms.*"* Similarly, 
the presence of cellulose in the endo- 
cyst wall of Acanthamoeba has 
allowed for CFW staining of the cyst 
form of these organisms.’ Using this 
technique, however, trophozoites are 
not pesitively stained. Immunofluo- 
rescent antibodies have been shown to 
brightly stain acanthamoebic cysts 
and trophozoites with a high degree of 
specificity. However, these antibodies 
are not yet commercially available. 

Lectins are ubiquitous glycopro- 
teins that have the unique character- 
istic of binding specifically to carbo- 
hydrate moieties. Many uses have 
been identified for these glycopro- 
teins, including the characterization 
of cell wall sugars. Additionally, tak- 
ing advantage of known cell wall car- 
bohydrate compositions, lectins have 
been used for the identification of 
microbial organisms both in culture 
and in histopathologic specimens.” By 
conjugating lectins with dyes, orga- 
nisms could theeretically be visual- 
ized with light, electron, or fluores- 
cence microscopy. Recently, we have 
successfully used FCLs to visualize 
fungi and bacteria in culture as well 
as im corneal scrapings and histopath- 
ologic specimens.*”>4 

In the present study, we have dem- 
onstrated that commercially available 
FCLs are capable of binding to and 
thus providing visualization of cysts 
and trophozoites of three species of 
Acanthamoeba. Specifically, we noted 
that F-ConA brightly stained both the 
cyst and trophozoite forms of three 
species of this organism. Fluorescein- 
conjugated WGA, however, provided 
bright staining of only the cyst 
form 

Acanthameeba exists in two prima- 
ry forms: the active proliferative 
trophozoite and the dormant resistant 
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Fig 2.—Cluster of Acanthamoeba castellani cysts staining very Brightly with fluorescein- 
conjugated conconavalin A. Note concentration of staining in cyst walts. Custer of Escherichia 
coli also stains very brightly (arrow) (original magnification X240). 





Fig 3.—Bright staining of Acanthamoeba polyphaga cysts with fluorescem-conjugated wheat 
germ agglutinin. Note concentration of staining in walls of cysts (original magnification X240). 


cyst. Acanthamoebic trophozoites are 
extremely variable in size and shape 
with an average diameter of approxi- 
mately 30 um.” Their plasma mem- 
branes have been found to contain a 
complex carbohydrate, termed lipo- 
phosphonoglycan, that consists of 
neutral sugars and amino sugars, 
including galactosamine,  glucos- 
amine, glucose, mannose, xylose, and 
galactose.” Approximately 30% of the 
mass of lipophosphonoglycan is 


accounted for by neutral sugars, of 
which mannose and glucose constitute 
81%. Concanavalin A, a derivative of 
jack bean (Canavalia ensiformis) 
seeds, avidly binds to carbohydrate 
residues containing either a-D-man- 
nose or a-D-glucose terminal groups.” 
Thus, it is not surprising that F-ConA 
brightly stained the trophozoites. In 
fact, Bowers and Korn” used ConA to 
precisely identify the location of the 
lipophosphonoglycan in the trophozo- 
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ite plasma membrane. The minimal 
staining of trophozoites by the other 
lectins may be accounted for by the 
small amount of other sugars in the 
plasma membrane. 

Acanthamoebic cysts are spherical, 
slightly irregular in outline, and 
approximately 20 um in diameter.” A 
double-layer cell wall characterizes 
the cyst, forming a smooth or slightly 
wrinkled outer ectocyst and a roughly 
polyhedral inner endocyst. To date 
and to our knowledge, the biochemical 
composition of these cyst walls has 
not been well defined. Cellulose, a 
polymer of {-glycosidic glucose, is 
known to be a major component of the 
endocyst.'” The ectocyst apparently 
has protein and lipids. Additionally, 
glycogen is scattered throughout both 
the endocyst and ectocyst, as well as 
the intervening space.” Other carbo- 
hydrates may be present in the cyst 
walls, but they have not yet been 
identified. The very bright staining of 
F-ConA to the cyst wall cannot be 
definitively explained. Contributing 
factors may include the following: (1) 
the presence of the a-polymer glyco- 
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gen in the cyst walls; (2) the fact that. 


ConA will bind to 8-polymers, al- 
though its binding affinity is less than 
that for a-polymers”; (3) the possibil- 
ity that other carbohydrates may 
exist in either the ectocyst or endo- 
cyst; and (4) the fact that the relative- 
ly high concentrations of FCLs used in 
this study may provide for bright 
staining even in light of minimal cyst 
wall carbohydrate concentrations. 
Explaining the binding of WGA to the 
cysts is similarly problematic. Wheat 
germ agglutinin selectively binds to 
N-acetyl-D-glucosamine and its poly- 
mers.” It is conceivable that some of 
the proteins and lipids in the ectocyst 
exist in the form of glycoconjugates 
and that the carbohydrate compo- 
nents include N-acetyl-p-glucos- 
amine. We plan to further address 
these questions by repeating these 
studies using  ferritin-conjugated 
ConA and WGA and by examining the 
ultrastructural location of lectin-cyst 
wall binding. 

In conclusion, these results indicate 
that FCLs, particularly F-ConA, may 
be useful for the rapid visualization of 
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both morphologic forms of acantha- 
moebae. Because this particular FCL 


also stains fungi so effectively, there 
is a concern regarding differentiating 


acanthamoebae from fungi. Our belief « 


is that these classes of organisms 
should be easily differentiated from 
each other on the basis of size and 
shape. We are, however, presently 
planning controlled studies using 
masked observers to ascertain wheth- 
er FCL-stained acanthamoebae can 
indeed be differentiated from similar- 
ly stained fungi. Furthermore, previ- 
ous studies**** using F-ConA have 
demonstrated only a minimal amount 
of staining of background corneal and 
inflammatory cells in experimental 
and clinical cases of infectious kerati- 


tis. We are actively in the process of ~- 


assessing the efficacy of FCLs in visu- 
alizing acanthamoebae, fungi, and 
bacteria in experimental and clinical 
corneal infections. 
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Topical Fibronectin and Corneal Epithelial Wound 
Healmg in the Rabbit 


Catherine Newton, MD; Diane L. Hatchell, PhD; Gordon K. Kintworth, MD, PhD; Charles F. Brown, MA 


@ The efiect of topically administered 
rabbit fibronectin on the rate of corneal 
epithelial weund healing was assessed in 
rabbits. Two types of epithelial defects 
were createc, a “standard” 7-mm-diame- 
ter seraped central wound and a “‘persis- 
tent epithelial wound” secondary to post- 
scraping application of alcian blue. In a 
masked fasaion, eyes were treated with 
either fibronectin or balanced salt solu- 
tion. Areas of the photographically docu- 
mented fluorescein-stained defects were 
measured by computerized planimetry. 
The mean »‘ealing rate in fibronectin- 
treated eyes with standard wounds was 
linear but net significantly different from 
the rate in contro! eyes. The healing rate 
in persistert epithelial wounds treated 
with fibronectin was slower than that in 
standard wounds and was not linear, but 
it was not ststistically significantly differ- 
ent from thet of control eyes with persis- 
tent epithelial wounds. These results con- 
flict with these of previous studies and 
indicate that the topical application of 
fibronectin in rabbits does not necessari- 
ly promote corneal epithelial wound heal- 
ing. 

(Arch 
1279) 
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pieestent corneal epithelial defects 
oceur in a variety of conditions, 
such as neurotrophic keratopathy, 
metaherpetic keratitis, chemical 
burns of the cornea, and many corneal 
dystrophies’ Because treatment with 
lubricants, bandage soft contact 
lenses, and ether conventional meth- 
ods have met with limited success, 
agents such as growth factors,** reti- 
noids,** high-molecular-weight dex- 
trans,’ and fibronectin,*”° that might 
accelerate reepithelialization, have 
been investigated. 

Fibronectin, a glycoprotein found in 
plasma anc asseciated with normal 
fibroblasts," promotes cellular adhe- 
sion in tissue culture’?! and is pres- 
ent in healing corneal epithelial 
wounds.'*!5 Topical fibronectin has 
been reported to improve corneal epi- 
thelial wound healing in patients with 
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trophic ulcer and recurrent ero- 
sions,’ but these studies were based on 
unmasked observations without con- 
trols. One investigation in rabbits 
with iodine vapor-induced corneal 
epithelial defects indicated that the 
rate of wound healing was greater in 
eyes treated with topical rabbit 
fibronectin than in control eyes 
treated with phosphate-buffered sa- 
line.’° 

Because of the clinical difficulty in 
treating persistent corneal epithelial 
defects, we chose to assess the influ- 
ence of fibronectin in both a standard 
epithelial wound model and in a per- 
sistent epithelial wound model’® in 
rabbits. 


MATERIALS AND METHODS 
Standard Epithelial Wound 


Six male New Zealand white rabbits 
weighing 2 to 3 kg were anesthetized by 
intramuscular injections of ketamine 
hydrochloride (40 mg/kg) and xylazine 
hydrochloride (4 mg/kg) and by the topical 
application of one drop of proparicaine 
hydrochloride (0.5%) to the eye. Bilateral 
corneal epithelial wounds were made by 
demarcating the central circular area (7 
mm in diameter) of the cornea with a 
trephine (visualized through an operating 
microscope) followed by scraping and 
removing the corneal epithelium with a 
No. 64 Beaver blade. Wounds were stained 
with fluoresceinimpregnated strips and 
immediately photographed with a photo 
slit-lamp (Carl Zeiss, Oberkochen, West 
Germany). In a masked fashion, one eye of 
each animal was treated topically with 
rabbit plasma fibronectin. The fellow eye 
served as a control and received the vehicle 
alone, balanced salt solution (BSS). Using 
the dose reported to be clinically effective,® 
fibronectin (450 ug/mL of BSS) or BSS 
drops were given every two hours from 8 
AM through 8 pM for three days. Slit-lamp 
examination and photography were per- 
formed at time 0 (immediately after 
wounding) and 6, 24, 30, 48, and 54 hours 
after wounding. 


Persistent Epithelial Wound 


Twenty-four male New Zealand white 
rabbits weighing 2 to 3 kg were used. Im- 
mediately after the creation of the above- 
described standard epithelial wound, the 
base of the wound was irrigated with BSS 
and then dried with a sterile cellulose 
sponge. The blunt end of a disposable 8- 
mm trephine was placed on the cornea to 
surround the epithelial wound and create a 
well. Two drops of 0.22-um cellulose ace- 
tate filter-sterilized 1% alcian blue solu- 
tion (pH 3.5) were instilled into the well. 
After 30 s, the trephine was removed and 


the excess alcian »lue irrigated away with 
BSS. Using the same dose and dosage 
schedule as prescribed by Nishida et al,” 
both eyes of each of 12 rabbits were treated 
with either fibronectin (750 ug/mL of BSS) 
or BSS on a dosage schedule of one drop in 
each eye three hours after wounding and 
every 30 minutes thereafter for five addi- 
tional doses and oae drop in each eye at 24 
and 48 hours after wounding. 

The other 12 rabbits with persistent 
epithelial defects were treated with a sim- 
ilar dose and dosage schedule for ten days 
as described in the standard epithelial 
wound model, ie, 450 ug/mL of fibronectin 
every two hours from 9 AM to 5 PM. Because 
of the prolonged compromise in epithelial 
integrity, chloramphenicol ophthalmic so- 
lution was administered twice daily—one 
drop in each eye to prevent infection. Hav- 
ing determined the reepithelialization rate 
in untreated animals with persistent epi- 
thelial defects, slit-lamp examination and 
photodocumentation of the fluorescein- 
stained epithelial wounds were carried out 
at time 0, 24 hours, 48 hours, and every 
other day through at least postoperative 
day 9. 


Isolation and Identification 
of Rabbit Fibronectin 


Fibronectin was isolated from fresh rab- 
bit plasma by gelatin-agarose affinity col- 
umn chromatography (1.0 X 20.0-cm col- 
umn).” The unbound material was 
removed with phosphate-buffered saline 
(pH 7.2) with 10 mol/L of sodium citrate. 
The associated pratein was detected using 
an absorbance monitor set at 280 nm. 
Bound material (putative fibronectin) was 
removed with 4 mol/L of urea in 0.05 
mol/L of TRIS buffer (pH 7.5) and col- 
lected in tubes (25 mL each). Urea was 
removed by extensively dialyzing the 
pooled putative fibronectin fraction 
against BSS. The dialyzed fibronectin frac- 
tion was purified by filtration through a 
0.22-um polymer filter. Protein concentra- 
tion was determined by the method of 
Lowry et al'* using bovine serum albumin 
as a standard. This was done both before 
and after filtration. The purity of the 
fibronectin was determined on a 7.5% sodi- 
um dodecylsulfate polyacrylamide slab gel, 
as described by Laemmli,” and stained 
with Coomassie brilliant blue R-250, using 
commercially prepared rabbit fibronectin 
(Biomedical Technelogies, Inc, Cambridge, 
Mass) as a standard. Additional quality 
control testing to demonstrate a single line 
of identity between goat anti-rabbit 
fibronectin and the isolated fibronectin 
with the Ouchterlony double-diffusion test 
on a 1% agarose gel disc was performed. 


Bioavailability of Fibronectin 


The bioavailability of the isolated 
fibronectin was doeumented by determin- 
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ing that cell spreading occurred in vitro in 
fibronectin-coated culture dishes but not 
uncoated dishes.” In brief, 5.0 X 10° cul- 
tured rabbit fibroblasts in serum-free 
medium were inoculated onto tissue cul- 
ture dishes (60 mm in diameter). Three had 
been coated with 50 ug of rabbit fibronec- 
tin in 1 mL of distilled water and three 
were uncoated. All six plates were incu- 
bated for 45 minutes at 37°C before phase- 
contrast photographs were taken. 


Interaction of Fibronectin and 
Alcian Blue 


Because alcian blue binds to glycosami- 
noglycans” and fibronectin binds to the 
extracellular matrix," we investigated the 
possible interaction between alcian blue 
and topically applied (exogenous) fibronec- 
tin or endogenous fibronectin that appears 
maximally at 22 hours after wounding in 
scraped corneal epithelial wounds." 

Five male New Zealand white rabbits 
weighing 2.5 to 3.0 kg were used. Bilateral 
standard epithelial wounds were created in 
two animals and bilateral persistent epi- 
thelial wounds were created in three ani- 
mals, as described previously. One eye of 
each animal was randomized to treatment 
with fibronectin (750 pg/mL of BSS), and 
the fellow eye served as a control and 
received BSS. The animals were given one 
drop three hours after wounding and every 
30 minutes thereafter for five additional 
doses. At 22 hours after wounding, animals 
were killed with an overdose of sodium 
pentobarbital, and the corneas were 
removed and frozen immediately. Four- 
micrometer-thick cryostat sections were 
cut, and indirect immunofluorescent- 
labeled antibody staining using goat anti- 
rabbit fibronectin was performed." 


Quantitation of Wound Healing 


In a masked fashion, areas of the fluo- 
rescein-stained wounds were measured 
from slit-lamp photographs using comput- 
erized planimetry. In the standard epithe- 
lial wound, each set of data points (area, 
time) for each eye was fit to a linear 
equation by the least squares method so 
that the slope of the line was the mean 
healing rate for the eye. The mean healing 
rates of the two groups were compared 
using a paired ¢ test. 

In the persistent epithelial wounds, all 
data points (area, time) were fit to a 
quadratic equation and analyzed to deter- 
mine if the shift in curves between fibro- 
nectin-treated and control animals was 
significant. Mean healing rates were calcu- 
lated over two separate time intervals by 
fitting the data points to a linear equation 
by the least squares method and compar- 
ing the slopes (mean healing rates) with a t 
test. 


Histopathologic Examination 


The animals with standard epithelial 
wounds were killed with an overdose of 
intracardiac sodium pentobarbital at 54 
hours after wounding. Half of those with 
persistent epithelial wounds were killed on 
postoperative day 9 and half on postopera- 
tive day 11. Eyes were then enucleated and 
tissues fixed in 2.67% glutaraldehyde. Por- 
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Fig 1.—Decrease in area (mean + SEM) over two days in ‘‘standard wounds” and over nine 
days in “persistent epithelial wounds” in rabbit corneas treated with rabbit fibronectin (open 
circles and triangles) or balanced salt solution alone (closed circles and triangles) for three days. 
The standard wounds were treated with 450 ug/mL of fibronectin in balanced salt solution. The 
persistent wounds were treated with 750 ug/mL of fibronectin in balanced salt solution. 


tions of the corneas were embedded in 
paraplast, processed for light microscopy, 
and examined in a masked fashion. 


RESULTS 
Isolation and Identification of 
Rabbit Fibronectin 


The putative fibronectin migrated 
as a pure band (220000 daltons). Addi- 
tional quality control testing demon- 
strated a single line of identity 
between goat anti-rabbit fibronectin 
and the isolated fibronectin with the 
Ouchterlony double-diffusion test on 
1% agarose gel disc. 


Bioavailability of Fibronectin 


Cell spreading occurred in the 
fibronectin-treated dishes but not in 
the uncoated dishes 45 minutes after 
inoculation. 


Wound Healing Rates 


The healing rate of standard corne- 
al epithelial wounds was linear (Fig 
1). The mean healing rate for fi- 
bronectin-treated eyes (0.95 + 0.07 
mm’/h) was not significantly differ- 
ent from that of control eyes (1.03 + 
0.07 mm?/h) (P < .05). 

The healing rate of animals with 
persistent epithelial defects was 
hyperbolic rather than linear (Figs 1 


Arch Ophthalmol—Vol 106, Sept 1988 


and 2). The difference in healing rates 
between fibronectin-treated animals 
and control animals was not signifi- 
cant, as is graphically demonstrated 
in Figs 1 and 2. The hyperbolic nature 
of the healing curve made it necessary 
to compare mean healing rates over 
two time intervals for each set of 
animals. For the groups where treated 
animals received 450 „g/mL, from 
time 0 through postoperative day 5, 
fibronectin-treated animals healed at 
a rate (0.29 + 0.10 mm?/h) compara- 
ble with that of control animals 
(0.31 + 0.09 mm?/h). From postopera- 
tive days 5 through 10, fibronectin- 
treated animals healed at a rate 
(0.03 + 0.04 mm?/h) comparable with 
that of controls (0.07 + 0.10 mm2/h). 


Histopathologic Results 


Regardless of the treatment, one or 
more of the following were evident in 
all specimens with standard epithelial 
wounds: attenuation and/or absence 
of the epithelium, decreased number 
of keratocytes, and focal infiltrates of 
polymorphonuclear leukocytes in the 
anterior corneal stroma. 

All specimens with alcian blue- 
induced persistent epithelial defects, 
regardless of the treatment, mani- 
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Fig 2.—Decsease in area (mean + SEM) over ten days in “persistent epithelial wound’”’ in rabbit 
corneas trested with rabbit fibronectin (450 ug/mL in balanced salt solution) (open circles) or 
balanced sat solution alone (closed circles) for ten days. 


fested one or more of the following: 
absent, atenuated, or degenerated 
corneal epithelium; subepithelial bul- 
lae; infiltrates of polymorphonuclear 
leukocytes and a decreased number of 
keratocyte in the anterior corneal 
stroma. Im all cases, alcian blue could 
be seen in the region of the basement 
membrane of the corneal epithelium. 


COMMENT 


It seemed likely that the topical 
application of fibronectin might 
enhance -orneal epithelial wound 
healing because fibronectin promotes 
cellular afhesion and spreading in 
culture’ aad is present in the healing 
margin in comneal epithelial wounds." 
While pre~ious studies indicated that 
fibronectir was efficacious in promot- 
ing corneal epithelial wound healing, 
our masked prospective study dis- 
closed no improvement in wound heal- 
ing rate ia both a standard corneal 
epithelial weund model and in an 
experimental model for persistent 
epithelial efect. 

Another peint for consideration is 
whether enough fibronectin was 
applied and at frequent enough inter- 
vals. We increased the concentration 
of fibronestin that we used in the 
standard model to 750 ug/mL in the 
persistent epithelial model because of 
this conce-n. Nishida et al® used 450 
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ug/mL in their clinical study, but in 
rabbits they used one drop of 750 
ug/mL every hour between four and 
seven, and 17 and 30 hours after iodine 
vapor treatment.” We administered 
one drop of fibronectin every two 
hours from two to 12, 24 to 36 and 48 
to 54 hours after wounding in the 
standard model and one drop of 750 
ug/mL of BSS in each eye every 30 
minutes from three to six hours, and 
at 24 and 48 hours after wounding in 
the persistent epithelial defect mod- 
el. 

The fact that fibronectin promotes 
cellular adhesion and appears at the 
margin of corneal wounds provided 
the rationale for studies to determine 
if it would promote corneal epithelial 
wound healing. Phan and cowork- 
ers, however, have shown that “re- 
moval” of endogenous fibronectin via 
antigen-antibody complexing does not 
alter the rate of wound healing in a 
guinea pig model of superficial corne- 
al wounds. Similarly, we could find no 
evidence that topical application of 
exogenous fibronectin promotes cor- 
neal epithelial wound healing in 
either of the models we studied. 
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Hatchell) and R01-EY01461 (Dr Klintworth), 
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da, Md; Veterans Administration Medical 
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Glial Epiretinal Membranes and Contraction 


Immunohistochemical and Morphological Studies 


Yan-Nian Hui, MD; Randi Goodnight; Xiao-Jing Zhang, MD; Nino Sorgente, PhD; Stephen J. Ryan, MD 


è it has been suggested that glial cells 
do not contribute substantially to the con- 
tractile forces generated by epiretinal 
membranes. We have established a rabbit 
model in which epiretinal membranes 
form on the inferior peripheral retina after 
the injection of activated macrophages 
into the vitreous. By two months, the 
membranes were extensive but without 
evidence of traction. At four months, how- 
ever, full-thickness retinal folds were 
present beneath the thick epiretinal mem- 
brane. A homogeneous glial cell composi- 
tion was suggested by light microscopic 
examination of serial sections through 
several membranes. Immunohistochemi- 
cal staining with anti-glial fibrillary acidic 
protein and antivimentin and immunoelec- 
tron microscopy confirmed that these 
thick epiretinal membranes were com- 
posed entirely of glial cells, which may 
cause mild traction on the retina; this 
traction is associated with cell alignment 
and the tissue bridges connecting the 
membrane and the retina. The fusiform 
densities and indented nuclei suggested 
that the glial cells within the membrane 
may possess some characteristics of 
myofibroblasts. 

(Arch Ophthalmol 
1285) 
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FpPiretinal membranes may produce 
retinal folds and, if extensive, can 
result in detachment of the retina. 
However, the sequence of epiretinal 
membrane formation and the origin 
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of the cells that constitute these mem- 
branes appear to vary from one dis- 
ease to another. Newsome et al! 
studied the cellular components of 13 
vitreal specimens obtained at surgery 
for massive periretinal proliferation 
in patients with rhegmatogenous reti- 
nal detachment; the constituents of 
the specimens included fibroblastic 
cells, macrophages, pigmented epithe- 
lioid cells, and gliallike cells. Hiscott 
and associates? reported that four 
globes without tractional retinal com- 
plications had only glial cells or glial 
and inflammatory cells in the epireti- 
nal membranes. 

The identity of retinal cells forming 
epiretinal membranes has been based 
in most previous investigations on 
histological and ultrastructural crite- 
ria’ Since cells may modify their 
morphological characteristics when 
they migrate from the retina proper 
and proliferate in an unusual milieu, 
it can be difficult to confirm their 
cellular origin using only these proce- 
dures. 

The role of glial cells in epiretinal 
membranes remains controversial. It 
has been suggested that glial cells do 
not contribute substantially to the 
contractile forces generated by the 
membranes,’ although other investi- 
gators report that they can cause full- 
thickness folding of the retina.**’ 

We established a rabbit model in 
which epiretinal membranes develop 
on the inferior peripheral retina after 
the injection of activated macro- 
phages into the vitreous.: The experi- 
ment described herein was designed 
to identify the primary cellular con- 
stituent of these epiretinal mem- 
branes and to assess their capacity to 
mediate traction on the retina. 


1280 Arch Ophthalmol—Vol 106, Sept 1988 


MATERIALS AND METHODS 


The experiments described herein were 
reviewed by the University of Southern 
California Institutional Animal Care and 
Use Committee, Los Angeles. Animals 
were housed in approved facilities under 
veterinary supervision. 

Pigmented rabbits of either sex weigh- 
ing 2 to 3 kg were anesthetized with an 
intramuscular injection of a 3:1:1 mixture 
of ketamine hydrochloride, acepromazine 
maleate, and atropine sulfate; pupils were 
dilated with one drop of 10% phenyleph- 
rine hydrochloride, 1% tropicamide, and 
1% atropine sulfate. One eye of each ani- 
mal was injected with 0.1 mL of activated 
macrophage suspension using a 27-gauge 
needle inserted through the pars plana 
into the midvitreous cavity under direct 
visualization with an operating micro- 
scope. 

The activated macrophages were har- 
vested from the peritoneal cavity of rab- 
bits four days after intraperitoneal injec- 
tion of 15 mL of a 3% thioglycolate medi- 
um. The cells were suspended in RPMI 1640 
medium and supplemented with 5% heat- 
inactivated fetal bovine serum at a concen- 
tration of 6 to 8 X 10° cells per milliliter. 

The eyes were examined each week with 
an indirect ophthalmoscope to follow-up 
and record the development of vitreous 
membrane formation, fundus changes, and 
retinal detachment. 

The animals were killed at 7, 14, and 28 
days, and 2, 3, 4, 6, 8, and up to 10 months 
after injection. The eyes were enucleated, 
immersed in 2% paraformaldehyde and 
2.5% glutaraldehyde in 0.1 mol/L of phos- 
phate buffer (pH 7.4) for 24 hours, and 
then evaluated by dissecting microscopy. 
To examine epiretinal membrane forma- 
tion and traction of the retina, the tissue 
was embedded in glycol methacrylate fol- 
lowing dehydration in a series of graded 
alcohol; 2.5-um sections were cut and 
stained with either hematoxylin-eosin or 
periodic acid-Schiff for light microscopy. 
For transmission electron microscopy, 


Glial Membranes—Hui et al 





=ig 1.— “wo months after macrophage injection, extensive epiretinal membrane is present with glial cells penetrating internal 
iming membrane (arrows) but without evidence of traction on retina (periodic acid-Schiff, X325). 
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Fig 2.—£ix months after injection, thick epiretinal membrane and two full-thickness retinal folds are present. More than six 
layers of Sells are aligned in internal portion of membrane. Arrows indicate internal limiting membrane (periodic acid-Schiff, 


x325). 


specimens eut from the inferior peripheral 
retina were postfixed in 2% buffered osmi- 
um, dehydrated ir a graded alcohol series, 
and embedded im plastic. Ultrathin sec- 
tions were stainec with uranyl acetate- 
lead citrate, examined, and photographed 
with an EM-10B electron microscope (Carl 
Zeiss Inc, New Yorx). 

The tissue intenced for the immunofluo- 


Arch Ophthalmol— Vol 106, Sept 1988 


rescent procedure was fixed for 15 minutes 
in a buffered fixative containing 2% para- 
formaldehyde and 0.5% glutaraldehyde 
before and after dissection. The tissue was 
rinsed for one hour in phosphate-buffered 
saline (PBS) three times and embedded in 
OCT (Miles Laboratory, Naperville, Ill). 
Cryostat sections (6 to 8 um) were cut, 
mounted onto gelatin-coated slides, and 


then treated with normal sheep serum to 
reduce backgrounc staining before the 
application of the monoclonal antibodies 
against glial fibrillary acidic protein 
(GFAP) and vimentin (1:10 dilution, Boeh- 
ringer Mannheim, Indianapolis). Control 
slides were reacted with normal sheep 
serum. The slides were incubated for 30 
minutes in a humicified chamber at room 
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temperature, followed by three washes 
with PBS, and then incubated with fluores- 
cein-labeled sheep anti-mouse IgG (1:30 
dilution) for 30 minutes. The slides were 
washed three times with PBS, cover- 
slipped, viewed with a photomicroscope 
(Zeiss III) equipped with an epi-illumina- 
tor, and photographed using Kodak Tri-X 
Pan film. 

For immunoelectron microscopy, ultra- 
thin sections of LR white-embedded tissue 
were mounted onto uncoated nickel grids. 
The grids were incubated in normal goat 
serum (1:20) for one hour, transferred 
immediately into diluted primary anti- 
bodies (anti-GFAP and antivimentin, 1:3 
dilution), and incubated for three hours in 
a humidified chamber. After extensive 
rinsing, the grids were incubated for three 
hours with goat antimouse IgG 10-nm gold 
complex (Janssen Life Science Products, 
Piscataway, NJ) diluted 1:100. The grids 
were rinsed extensively, fixed in 2% glu- 
taraldehyde for 20 minutes, and rinsed 
again. All incubations took place at room 
temperature. Finally, the grids were 
stained with uranyl acetate-lead citrate. 


RESULTS 


After the injection of activated 
macrophages, the cell suspension 
formed a white strand, a few white 
membranes, or both in the midvi- 
treous or near the retina. The vitreous 
was slightly hazy. During the second 
week, the vitreous strand became 
thinner and approached the front of 


the optic disc, where the vitreous 
appeared to be cloudy. The optic disc 
showed slight hyperemia, and the 
blood vessels were dilated and tortu- 
ous. During the third week, the strand 
attached to the optic disc or medul- 
lary rays, which became elevated by 
traction. Detachment of the medul- 
lary rays usually occurred by three to 
five weeks and then remained stable. 
Meanwhile, the vitreous membranes 
near the retina gradually became 
thinner, and the posterior vitreous 
separated, forming a delicate, semi- 
transparent membrane with fine 
white particles in front of the posteri- 
or and inferior retina. Indirect oph- 
thalmoscopy did not reveal early 
development of epiretinal membrane; 
however, gray membranes were seen 
on the inferior peripheral retina six 
months after injection. With the 
exception of the peripapillary retinal 
folds, which were associated with 
detachment of the medullary rays, 
wrinkling of the retina was not clini- 
cally visible by indirect ophthalmos- 
copy. 

Histologically, glial cells that pene- 
trated the internal limiting mem- 
brane and began to form an epiretinal 
membrane were observed initially 
during the second week; extensive epi- 
retinal membranes were well devel- 
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oped on the inferior peripheral retina 
at between one and two months after 
injection. Glial membranes varied 
from a single cell process protruding 


out of the retina to an extensive for- . 


mation; in some eyes, a glial mem- 
brane overlying the retina extended 
from the equator to the ora serrata. 
Tissue bridges connecting the mem- 
brane and the underlying retina were 
seen in many areas. By two months 
after injection, most epiretinal mem- 
branes consisted of irregularly ar- 
ranged cells with oval nuclei and 
abundant cytoplasm and loose extra- 
cellular matrix (Fig 1). No folding of 
the retina was seen in the area under- 
lying the epiretinal membrane. 

Four months after injection, thick 
epiretinal membranes with multiple 
full-thickness retinal folds were found 
in five of 15 eyes (Fig 2). These mem- 
branes varied in thickness from one 
third to two thirds of the thickness of 
the retina and consisted of six to eight 
layers of cells. In the external portion 
(retinal side), the membranes con- 
tained irregularly arranged cells rich 
in cytoplasm, whereas in the internal 
portion (vitreous side), the mem- 
branes were composed of multiple lay- 
ers of cells with spindle-shaped nuclei 
that were packed and aligned with the 
longitudinal axis parallel to the inter- 
nal limiting membrane. At the top of 
the retinal fold, tissue bridges were 
observed across the membrane and 
the retina (Fig 3). Light microscopic 
examination of serial sections from 
several eyes revealed a homogeneous 
cell composition throughout the entire 
epiretinal membrane. 

Transmission electron microscopic 
examination of the cells forming the 
epiretinal membrane showed abun- 
dant intermediate filaments (10 nm), 
microtubules, mitochondria, and gly- 
cogen granules. In the internal por- 
tion of the membrane, the cytoplasm 
was flat and indented nuclei were 
observed. Numerous microvilli and 
zonute adherens were apparent on 
the surface and within the intercellu- 
lar space of the membrane. Fusiform 
densities were present in the periph- 
eral areas of the cytoplasm of cells 
constituting the internal portion of 
thick membranes (Fig 4). 

The epiretinal membranes, as well 
as the Müller cells in the retina prop- 
er, reacted with anti-GFAP and with 
antivimentin (Fig 5). With the immu- 
nogold method, anti-GFAP and anti- 
vimentin reactions were observed in 
Müller cell processes in the retina and 
in the cytoplasm of cells in all layers 
of the epiretinal membranes. Even the 
surface cells with spindle-shaped 
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Fig 4.—Intermeciate filaments (arrowhead), mitochondria, and fusiform densities (arrows), 
located margimally..are present in cytoplasm of cells in internal portion of thick membrane (alcian 
blue en bloc, origimal magnification X9600). 


nuclei were labeled with anti-GFAP 
and antivimentin (Fig 6). As internal 
controls, ceils ether than Müller cells 
and cells in the epiretinal membrane, 
including retinal pigment epithelial 
cells, and fibromasts in the sclera and 
the choroid had no GFAP-positive 
staining. 


COMMENT 


Glial fibrillary acidic protein is a 
brain-specific intermediate filament 
protein located selectively in astro- 
glia. It is reported that Miiller cells in 
all parts of the rabbit retina are 
vimentin-positme but lack detectable 
amounts of GFAP and that astroglia 
showing GFAP and vimentin immu- 
noreactivity are found only in the 
medullary rays? Rat Müller cells, 
however, ean express GFAP in 
response to degenerative changes of 
the retina.™* In our experiments, 
Miiller cells in the retina and in the 
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medullary rays all reacted with the 
antibodies against GFAP and vimen- 
tin. Since vimentin, the subunit pro- 
tein of another intermediate filament, 
is located in cells of mesenchymal 
origin, we believe that GFAP is an 
appropriate marker for glial cells in 
our rabbit model. Immunogold label- 
ing for GFAP was present in all layers 
of thick epiretinal membranes, indi- 
cating that they were composed 
entirely of glial cells; even the fibro- 
blastlike surface cells of the mem- 
branes proved to be glial. 

The source of the cells constituting 
epiretinal membranes may depend on 
the conditions that permit various 
types of cells to migrate from the 
retina and proliferate. In certain con- 
ditions, glial cells may be the only 
component of the membrane. Foos’ 
reported that simple epiretinal mem- 
branes were composed exclusively of 
glial cells and that these membranes 


produced no symptoms or macroscopi- 
cally detectable retinal changes. 
These cells apparently were derived 
from the accessory glia, which nor- 
mally reside in the superficial retina, 
and served as reparative cells follow- 
ing destruction of the retina. Chan et 
al“ reported a case of chronic uveitis 
in which glial cells were the prepon- 
derant cells in the cyclitic membrane. 
In the rabbit model described herein, 
epiretinal membranes developed on 
the inferior peripheral avascular reti- 
na without detachment, where glial 
cells are the most likely source of cells 
migrating and proliferating out of the 
retina. We have no reason to suspect 
retinal pigment epithelial cells or 
fibroblasts since retinal pigment epi- 
thelial cells in the membrane are 
invariably associated with retinal 
detachment*'’ and fibroblasts pre- 
sumably originate from retinal ves- 
sels.! 

Previous stucies have suggested the 
importance of glial cells in the forma- 
tion of epiretinal membranes.**’® 
However, it is difficult to assess the 
effects of glial cells per se in these 
membranes because other cell types, 
eg, retinal pigment epithelial cells and 
fibroblasts, may also contribute to the 
membranes. Some investigators pre- 
sume that glial epiretinal membranes 
do not exert traction on the retina,’ 
but glial cells may provide a scaffold 
for the proliferation of other cells or 
an anchorage for the transmission of 
forces into and through the retina, 
Still others suggest that glial cells 
may cause traction on the retina.®° 
Since we have established a rabbit 
model in which the epiretinal mem- 
branes are composed entirely of glial 
cells, as demonstrated by serial sec- 
tioning and immunolabeling, we can 
attribute the sequence of events and 
any traction to the effects of the glial 
cells. 

Our observations suggest that glial 
epiretinal membranes may cause mild 
traction on the retina. No retinal 
detachment was generated by these 
membranes during ten months of fol- 
low-up. In the early stage (two 
months after injection), no wrinkling 
of the internal] limiting membrane 
and the nerve fiber layer was 
observed, although extensive, albeit 
thin, membranes overlayed the retina. 
Full-thickness retinal folds were 
observed four months after the injec- 
tion of macrophages and were associ- 
ated with thick membranes. 

It is likely that the following factors 
may be involved in the traction 
exerted by glial epiretinal mem- 
branes: (1) At certaim stages, glial cell 
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Fig 5.—Fluorescent micrograph. Left, Anti-glial fibrillary acidic protein staining of epiretinal membrane and Miller processes 
in retina. Right, Phase micrograph. Arrows indicate position of internal limiting membrane (for both parts, X765). 


y microfilaments align marginally in 

the cells and may generate a contrac- 
tile force. (2) Alignment of glial cells 
allows individual cells to join forces. 
(3) The tissue bridges connecting the 
membrane and retina may transmit 
the force to the retina. 

Forrester et al’ cultured retinal 
glial cells on vitreous gel and showed 
that the cells produce traction lines 
within the gel; Peters et al” injected 
cultured retinal Müller cells into the 
rabbit vitreous and found that the 
cells induced medullary ray detach- 
ment. Both experiments confirm that 
glial cells alone can produce traction 
but that they are less effective at 
eliciting retinal detachment than are 
fibroblasts and retinal pigment epi- 
thelial cells. 

Injection of autologous blood or red > 





Fig 6.—Immunogold labeling for glial fibrillary acidic protein is present in all layers of thick 5 u 
epiretinal membrane with full-thickness retinal folds four months after injection. Surface cells in _ blood cells into the rabbit vitreous can 
membrane, with spindle-shaped nuclei, are labeled with anti-glial fibrillary acidic protein (original also induce glial epiretinal membrane 
magnification X25 400). N indicates nucleus; V, vitreous. formation.**! However, in this model, 
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the fundus is obscured until eight 
weeks after injection. We believe that 
the present model provides an excel- 
lent epportunity to study glial epireti- 
nal membranes: further understand- 
ing of the nature of these membranes 
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should help us to deal with this condi- 
tion better in the clinical situation. 
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Morphology of Pig Retinal Pigment Epithelium 


Maintained in Organ Culture 


Lucian V. Del Priore, MD, PhD; Bert M. Glaser, MD; 
Harry A. Quigley, MD; Mary Ellen Dorman; W. Richard Green, MD 


èe Exoplants of porcine retinal pigment 
epithelium (RPE) attached to Bruch’s 
membrane, choroid, and sclera were 
maintained in organ culture for up to four 
weeks. Four-millimeter round buttons of 
eye wall that contained RPE, choroid, and 
sclera were trephined from freshly enu- 
cleated pig eyes and incubated at 37°C in 
Eagle’s minimum essential medium with 
10% fetal calf serum. The RPE cells 
remained as a monolayer for at least four 
weeks in organ culture, and individual 
RPE cells became taller and dome 
shaped. The RPE cells retained several 
prominent ultrastructural features, includ- 
ing apical microvilli, intracellular melano- 
somes and mitochondria, and intercellular 
tight junctions. Since the cellular substra- 
tum can exert important influences on cell 
behavior, the ability to maintain RPE cells 
attached to Bruch’s membrane provides a 
new in vitro tool for studying the metabol- 
ic activity of this tissue and its response 
to external stimuli, including laser photo- 
coagulation. 

(Arch Ophthalmol 
1290) 


1988; 106: 1286- 


T'he ability to maintain retinal pig- 

ment epithelial (RPE) cells in cul- 
ture has allowed important advances 
in our understanding of the pathobiol- 
ogy of a number of ophthalmic disor- 
ders, including proliferative vitreoret- 
inopathy,' proliferative diabetic reti- 
nopathy, and age-related macular 
degeneration.? Despite these ad- 
vances, most previous studies have 
been limited by the fact that the RPE 
cells were maintained on an abnormal 
substratum of tissue culture plastic 
with or without partially purified col- 


lagen. It is now well established that 
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the substratum can have pronounced 
effects on cell behavior.** Retinal pig- 
ment epithelial cells, grown on plastic 
or collagen gels, lose many of their 
normal morphological characteristics, 
including a large proportion of their 
pigment granules.’ In view of these 
limitations, we have developed an 
organ culture system for maintaining 
monolayers of RPE attached to 
Bruch’s membrane in vitro. This sys- 
tem provides us with an attractive 
means of studying the response of 
RPE on its native substratum to vari- 
ous external stimuli. 


MATERIALS AND METHODS 
Harvesting of Tissue 


Freshly enucleated eyes were obtained 
from 20- to 25-kg male and female pigs 
that were used as donors for cardiac trans- 
plantation studies. All animals were cared 
for in accordance with the ARVO Resolu- 
tion on the Use of Animals in Research. 
Animals were sedated with intramuscular 
ketamine hydrochloride, intubated, and 
maintained under general anesthesia with 
pentobarbital sodium (Nembutal) before 
removal of the hearts. Animals were killed 
by exsanguination before enucleation. The 
globes were immersed in 10% povidone- 
iodine (Prepodyne) (Amsco Medical Prod- 
ucts, Erie, Pa) for at least 20 minutes, and 
remnants of conjunctiva, Tenon’s capsule, 
extraocular muscle, and orbital fat were 
carefully removed under a dissecting 
microscope. The globes were again placed 
in povidone-iodine for 20 minutes and 
washed in sterile Hanks’ balanced salt 
solution (GIBCO Laboratories, Grand 
Island, NY) five times. 

Surgical dissection of the RPE buttons 
was done under sterile conditions with the 
aid of a dissecting microscope. Globes were 
placed in Eagle’s minimum essential medi- 
um (MEM) (GIBCO) with 10% fetal bovine 
serum (HyClone Laboratories, Logan, 
Utah), 100 U/mL of penicillin G sodium, 
and 0.1 mg/mL of streptomycin sulfate 
(MEM/10 PS) for the dissection. A full- 
thickness circumferential incision was 
made posterior to the ora serrata, and the 
anterior segment was removed. The vitre- 
ous humor and neural retina were careful- 
ly removed without touching the RPE sur- 
face. A 4-mm corneoscleral trephine was 
used to cut buttons that contained RPE, 
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choroid, and sclera from the eyecups. Typi- 
cally, eight to ten buttons could be removed 
from each eyecup. Individual buttons were 
placed on single cellulose filters (Millipore 
Corp, Bedford, Mass) with a diameter of 13 
mm. The filters were sterilized in 70% 
ethyl alcohol and rinsed in MEM/10 PS 
before use. The scleral side of the button 
readily adhered to the filter paper. Each 
button was placed in one well of a sterile 
24-well tissue culture plate (Costar, Data 
Packaging Corp, Cambridge, Mass) that 
was filled with MEM/10 PS and incubated 
at 37°C in an atmosphere of 5% carbon 
dioxide and 95% air. Typically, three to 
four hours elapsed between the initial 
sedation of the animal and the placement 
of harvested tissue in the incubator. The 
buttons were fed with fresh MEM/10 PS 
twice per week. 


Tissue Fixation 


Buttons were removed from culture and 
fixed in 10% formaldehyde solution in 
neutral phosphate buffer for light micros- 
copy or in 3% glutaraldehyde in Dulbecco’s 
phosphate-buffered saline solution for 
transmission electron microscopy (TEM) 
and scanning electron microscopy. Tissue 
for light microscopy or TEM was washed 
in phosphate buffer, placed in 1% osmium 
tetroxide overnight at 4°C, and washed in 
buffer. Samples were then dehydrated in 
graded alcohols, stained with 1% uranyl 
acetate in 100% ethyl alcohol, and placed 
in propylene oxide before embedding in an 
epoxy resin (LX 112, Ladd Research Indus- 
tries, Burlington, Vt). Light microscopy of 
l-um sections guided our trimming of the 
blocks for TEM. Eighty-nanometer sec- 
tions were cut for TEM, placed on copper 
grids, and stained with 2% uranyl acetate 
and 0.3% lead citrate before study with a 
TEM (JEOL 100 CX, JEOL Limited, 
Tokyo). Samples were prepared for scan- 
ning electron microscopy by washing the 
fixed tissue in phosphate buffer, and plac- 
ing it in 1% osmium tetroxide overnight at 
4°C. Samples were washed in buffer, dehy- 
drated in graded alcohols, critical point 
dried, sputter coated with a 50-nm gold- 
palladium coating, and examined with a 
scanning electron microscope (AMR 1000, 
Amray Inc, Bedford, Mass). 


RESULTS 


Light microscopy of trephined but- 
tons fixed within one hour after 
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Fig 1.—Light microscopy of retinal pigment 
epithelium (RPE), choroid, and sclera (top) 
one hour after removal from freshly enucle- 
ated pig eyes and (bottom) after 32 days in 
organ culture. Top, RPE monolayer is intact 
immediately after removal of retina and treph- 
ination of RPE buttons. Numerous erythro- 
cytes are present within choriocapillaris. 
Endothelial cells line choroidal vessels. Bot- 
tom. RPE monolayer is continuous after 32 
days in organ culture, and individual RPE cells 
are taller than before organ culture. Apical 
RPE surface has developed a dome-shaped 
appearance. Large, pigmented cells are 
preseat in choroid (arrow). Note that both 
photographs are taken at same magnification 
(toluidine blue, original magnification X500). 
One-micrometer sections in resin. 
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Fig 2.— Scanning electron micrographs of apical retinal pigment 
epithelial (RPE) surface (top left and top right) one hour after 
removal from pig eyes and (bottom) after 23 days in culture. Top 
left, One hour in organ culture. Apical RPE surface has a 
homogeneous, fibrillar appearance that makes it difficult to 
distinguish individual cells from one arother. Individual RPE cells 
are absent in occasional areas (arrew). Higher magnification 
view of this area is shown at top right. Bottom, Twenty-eight 
days in culture. Individual cells become more distinct within 
three days, and remain distinct for @uration of organ culture. 
Hypertrophic cells are occasionally found (arrows), but there are 
no gaps in RPE monolayer (top left and bottom, original 
magnification X400; top right, original magnification 5600). 
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removal from the porcine eye shows 
an intact, uniform monolayer of RPE 
overlying the choroid and sclera (Fig 
1, top). Intact erythrocytes are pres- 
ent within the choriocapillaris. The 
RPE monolayer remains continuous 
after 32 days in culture (Fig 1, bot- 
tom). Individual RPE cells are taller 
than before organ culture, and the 
apical RPE surface has a dome- 
shaped configuration. The choroid 
contains numerous large, pigmented 
cells. The vessels of the choriocapil- 
laris contain numerous erythrocytes 
initially, and the endothelial cells of 
the choroidal vessels can be seen (Fig 
1, top). After 32 days in organ culture, 
the lumina of the choriocapillaris and 
choroidal vessels are collapsed, and 
endothelial cells cannot be distin- 
guished (Fig 1, bottom). 

The apical surface of the RPE 
monolayer fixed within one hour 
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after removal from the pig eye, con- 
tains occasional areas where RPE 
cells have been lost, presumably dur- 
ing removal of the retina (Fig 2, top 
left and top right). The apical surface 
of the RPE monolayer has a homoge- 
neous, fibrillar appearance initially, 
and it is difficult to distinguish indi- 
vidual cells at this stage (Fig 2, top 
left). Individual cells become much 
more distinct within three days in 
organ culture, and remain distinct at 
28 days (Fig 2, bottom). At 28 days, 
the entire surface is covered by a 
monolayer of RPE cells. Occasional 
hypertrophied cells can be seen (Fig 2, 
bottom). 

At one hour, the apical surface of 
the cuboidal RPE cells is relatively 
flat (Fig 3, left). After 29 days, indi- 
vidual RPE cells have become much 
taller, and the apical RPE surface has 
a more dome-shaped profile (Fig 3, 


Fig 3.—Transmission electron microscopy of retinal pigment epi- 
thelial (RPE) monolayer (left) after one hour and (right) after 29 
days in organ culture. Individual RPE cells become taller, and api- 


cal RPE surface becomes dome shaped within several days; this 
configuration is maintained for ensuing four weeks in organ cul- 
ture. Intercellular tight junctions (t) are present initially and after 
29 days. Interestingly, distance between these apical tight junc- 
tions and Bruch’s membrane (BM) is same at both time points 
(compare left and right parts). Apical microvilli (v), intracellular 
mitochondria (m), intracellular pigment (p), and infoldings (i) of 
basal plasma membrane are maintained during organ culture. 
Phagosomes of broken rod outer segments (ph) are present 
initially, but were not observed after 29 days in culture. Ultra- 
Structural appearance of BM and RPE basement membrane (b) 
do not change. Note that both left and right parts are taken at 
same magnification (original magnification X7200). 
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right). Numerous apical microvilli, 
intracellular melanosomes, and intra- 
cellular mitochondria are present in 
the RPE cell initially and after 29 
days in culture (Fig 3). Intracellular 
phagosomes that contain stacks of 
outer-segment discs are present ini- 
tially (Fig 3, left), but are not 
observed after 29 days in culture. Api- 
cal tight junctions between adjacent 
RPE cells do not change in appear- 
ance during the organ culture (Fig 3, 
left and right), and the distance 
between these junctions and Bruch’s 
membrane is similar at both time 
points. The basal plasma membrane 
of the RPE contains numerous infold- 
ings initially and after four weeks in 
culture (Fig 3, left and right). The 
ultrastructural appearance of Bruch’s 
membrane does not change during the 
organ culture; a central elastic layer 
surrounded by collagenous layers is 
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still evident after 29 days in organ 
culture (Fig 3, right). 

The RPE monolayer ends abruptly 
at the periphery of a freshly trephined 
button, and the cut scleral edge is 
acellular (Fig 4, left). After 29 days in 
culture, the RPE is intact up to the cut 
edge of Bruch’s membrane. Cells over- 
lying the periphery of Bruch’s mem- 
brane are less pigmented than cells 
further from the edge of the button 
(Fig 4, right). A cellular membrane, 
composed of pigmented and nonpig- 
mented cells, covers the choroid and 
sclera at the trephined edges of the 
button (Fig 4, right). 


COMMENT 


Tso et al’ have previously main- 
tained exoplants of human RPE and 
choreid in organ culture, using filter 
paper (Millipore) as a solid support 
for the isolated uveal tissue. These 
workers neted that Bruch’s mem- 
brane became markedly wrinkled, and 
numerous RPE cells became hypopig- 
mented after only three days in organ 
culture. Focal nodular proliferation of 
the RPE was frequently seen, and this 
sometimes occurred within ten days 
in eulture’” The RPE monolayer 


became markedly attenuated within 
six weeks.’ Chick embryonic RPE has 
also been maintained in organ culture 
for up to one week,’ and eyecup prepa- 
rations from adult and embryonic 
sources have been maintained in cul- 
ture for up to 72 hours for the purpose 
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of studying RPE phagocytosis in 
vitro.” 

In contrast to previous investiga- 
tions,’ we did not observe thinning, 
attenuation, or focal nodular prolifer- 
ation of the RPE monolayer in organ 
culture. It is possible that our ability 
to maintain the RPE as a monolayer 
is related to the fact that the RPE and 
choroid remain attached to the struc- 
tural support of the underlying sclera 
in our organ culture system. 

The RPE monolayer clearly con- 
tains areas of lost cells one hour after 
detachment of the retina, but these 
defects are covered after a few days in 
organ culture. The occasional areas of 
RPE hyperplasia, seen in our model 
after a few weeks in organ culture, 
may be part of the healing response in 
the area where RPE cells are initially 
lost when the overlying retina is 
removed. Interestingly, these same 
changes are seen after experimental 
retinal detachment in the cynomolgus 
monkey. Immediately after retinal 
detachment, the RPE monolayer con- 
tains numerous defects, presumably 
due to the mechanical trauma of 
detaching the retina.’ After two 
weeks, the RPE monolayer is intact, 
and hypertrophied RPE cells and 
areas of RPE hyperplasia are pres- 
ent. Thus, the RPE in our organ 
culture system is exhibiting the same 
healing response as the RPE in vivo 
after the creation of an experimental 
retinal detachment. 





Fig 4—light microscopy of trephined scleral edge in organ culture. Left, Cut scleral edge is 
acellular after one hour in culture, and retinal pigment epithelium terminates abruptly (arrow). 
Right, After 29 days in culture, retinal pigment epithelial layer is intact up to cut edge of Bruch’s 
membrane. Cells overlying periphery of Bruch’s membrane (2) are less pigmented than cells 
further from edge of button (1). Trephined edge of choroid and sclera becomes covered with 
membrane composed of pigmented and nonpigmented cells (3) during organ culture. One- 
micrometer sections (toluidine blue, original magnification X500). 
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It is clear thet there is very little 
change in the ultrastructure of indi- 
vidual RPE cells during our organ 
culture. Apical microvilli, intracellu- 
lar mitochondria, intracellular mela- 
nosomes, intercellular junctions, and 
infoldings of the basal plasma mem- 
brane are preserved. The loss of 
phagosomes during the organ culture 
is expected, since packets of rod outer- 
segment discs are not phagocytized in 
culture. Phagosames also disappear in 
areas of RPE underlying detached 
retina in the owl monkey.” 

The major change that occurs in the 
cellular morphology in organ culture 
is that individual RPE cells become 
taller and the apical RPE surface 
becomes dome shaped. Interestingly, 
both of these changes have been 
observed consistently in studies of 
experimental retinal detachments in 
vivo in monkeys?" and cats.'*"” We do 
not know the cause or the significance 
of these changes, but the in vivo 
observation indicates that they are 
not artifacts of eur organ culture sys- 
tem. Since RPE cells become taller 
and more dome shaped after retinal 
detachment, their similar behavior in 
organ culture may reflect a physiolog- 
ical change in the RPE after loss of 
physical or biochemical influences 
from the overlying photoreceptor out- 
er segments. 

We cannot be certain of the origin 
of all the cells that cover the periph- 
ery of Bruch’s membrane and the tre- 
phined edges of choroid and sclera 
after four weeks in organ culture. 
Some of the pigmented cells are prob- 
ably RPE. Migratien of RPE cells at 
the edges of the button is consistent 
with previous ebservations of chick 
embryonic RPE in organ culture.’ We 
would expect migrating RPE cells to 
become hypopigmented, since prolif- 
erating RPE cells in tissue culture 
lose their pigmentation.’ Therefore, 
the nonpigmented eells may be either 
hypopigmented RPE cells or fibro- 
blasts from the underlying choroid 
and sclera. 

An interesting question is raised as 
to why the endothelial cells of the 
choriocapillaris are lost during four 
weeks in organ culture. Nutritional 
factors may he responsible, since 
these cells are in intimate contact 
with circulating blood in vivo, and are 
not in direct cortact with their source 
of nutrients in organ culture. Endo- 
thelial cells in the choriocapillaris are 
separated from the organ culture 
medium by 50 to 100 wm, and the 
necessary exchange of nutrients may 
further be impeded by the persistence 
of cell-cell junctions along the intact 
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RPE monolayer. Of course, other fac- 
tors that relate to RPE-endothelial 
cell interactions may play a role in the 
loss of the choriocapillaris, and we are 
currently investigating this possibili- 
ty in this model system. 

Maintaining viable RPE in contact 
with Bruch’s membrane in vitro pro- 
vides a new and useful tool for study- 
ing this tissue. We are currently 
investigating the changes that occur 
in the RPE surface in vitro to under- 
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stand better the significance of RPE 
surface changes that occur after reti- 
nal detachment in vivo. In addition, 
we are investigating the biochemistry 
and cell biology of the RPE following 
laser photocoagulation and other per- 
turbations using this organ culture 
system. It is hoped that these investi- 
gations will yield important informa- 
tion regarding the complex function 
of the RPE in ocular health and dis- 
ease. 
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*The Role of Breakdown of the Blood-Retinal Barrier in 
Cell-Injection Models of Proliferative Vitreoretinopathy 


Harsha A. Sen, MD; Thomas J. Robertson; Brian P. Conway, MD; Peter A. Campochiaro, MD 


è Rabbits were given an intravitreous 
injection ef 5.0 < 10° rabbit retinal pig- 
ment epitmeiial (RPE) cells, human RPE 
cells, or harman dermal fibroblasts in one 
eye and an iajection of vehicle alone in 
the other eye Some rabbits were treated 
withretinal cpyopexy or intravenous sodi- 
um iodate om the day before injection. 
Vitreous flucrophotometry (VFP) and fun- 
dus examimateons were performed before 
and al varous times after cell injections. 
Retinal de acaments were graded by pre- 
mortem aphithalmoscopic examinations 
and postmortsm gross pathologic exami- 
nations. Evesinjected with cells had high- 
er VFP readirgs than eyes injected with 
vehicle at all time points. Eyes injected 
with fibroblasts or rabbit RPE had signifi- 
cantly higher nean VFP values before the 
onset of setimal detachment than those 
injected witm human RPE cells. Within 
each group, high levels of fluorescein 
leakage in the first week correlated well 
with severty of subsequent traction reti- 
nal detachment and the fibroblast and 
rabbit RP= sgrowps had more severe 
detachments than the human RPE group. 
Treatment with cryopexy or sodium 
iodate resulted in higher VFP readings, a 
higher frequency of retinal detachments, 
and detachments that occurred earlier 
and that were more severe. These data 
demonstrate that intravitreous cells 
cause bloed-rstinal barrier breakdown in 
rabbits and that the amount and duration 
of this break d>wn are important variables 
in retina! cetechment formation. 


(Areh Ophthalmol 1988;106:1291- 
1294) 
roliferative vitreoretinopathy 


(PYR) is the major cause of ulti- 
mate failare in retinal reattachment 
surgery.’ t involves the intravitreous 
migratier and proliferation of cells 
that form eentractile membranes in 


Aceepted sor publication May 16, 1988. 

From the Department of Ophthalmology, Uni- 
versity of Firæmia School of Medicine, Char- 
lottesville. 

Reprint requests to Department of Ophthal- 
mology, University of Virginia Medical Center, 
Box 475, Charloctesville, VA 22908 (Dr Campo- 
chiaro) 


Arch OphtBalmol—Vol 106, Sept 1988 


the vitreous and on the surfaces of the 
retina.’ It is not clear how PVR is 
initiated, but there is evidence to sug- 
gest that breakdown of the blood- 
retinal barrier may play a role.** In 
the present study we used vitreous 
fluorophotometry (VFP) to examine 
blood-retinal barrier integrity in an 
animal model of PVR. We also investi- 
gated the effect of manipulating the 
blood-retinal barrier on the incidence 
and extent of traction retinal detach- 
ment in this model. 


MATERIALS AND METHODS 


Human retinal pigment epithelial (RPE) 
cells were harvested from eyes obtained 
post mortem from the Old Dominion Eye 
Bank, Richmond, Va, by a procedure that 
has been previously described. The cells 
were grown in 75-cm? flasks containing 
Eagle’s minimal essential medium (MEM) 
supplemented with 15% fetal bovine serum 
in 5% carbon dioxide at 37°C. Cells at 
passages 2 through 5 were used for all 


4 


Mean (+ SEM) Intravitreoas Fluorescein, ng/mL 





experiments. Rabbit RPE cells were 
obtained from eye cups of pigmented rab- 
bits in a similar manner. Human dermal 
fibroblasts were obtained from frozen 
stocks of the tissue culture core laboratory 
of the University of Virginia, Charlottes- 
ville. They were grown in 75-cm? flasks 
containing MEM supplemented with 10% 
fetal bovine serum in 5% carbon dioxide at 


Table 1.—Grading System for 
Traction Retinal Detachments (TRDs) 


Grade Retinal Findings 


No surface wrinkling or TRD 
Surface wrinkling with no significant 
elevation 


Limited TRD: shallow elevation of 
limited partion of 1 myelinated wing 

Moderate TRD: high elevation of 1 or 
elevation of both myelinated wings 

Severe TRO: any detachment 
involving more than one fourth of 
retinal surface including funnel 
TRDs ane combined traction- 
rhegmatcgenous detachments 


ie ae i ee 


20 


No. of Days After Injection 





Fig 1.—Vitreous fluorophotometry in eyes of 15 rabbits injected witn human retinal pigment 
epithelial cells (squares) and those injected with vehicle alone (circles). Asterisk indicates 


P < .0005 by Student’s unpaired t test. 
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37°C. Each of these cell types was used for 
intraocular injections. Cell suspensions 
were prepared by lightly trypsinizing con- 
fluent monolayers, centrifuging at 400 g 
for five minutes, and resuspending in 
serum-free MEM at a concentration of 
5.0 X 10° cells/mL. 

Pigmented rabbits were anesthetized 
and their pupils were dilated with 10% 
phenylephrine hydrochloride. While moni- 
toring with an indirect ophthalmoscope, a 
27-gauge needle was inserted into the vit- 
reous cavity 2.5 mm posterior to the lim- 
bus, and 0.1 mL of cell suspension was 
injected into the posterior portion of the 
vitreous cavity overlying the optic nerve. 
Fellow eyes were used as controls and 
received 0.1 mL of MEM without cells. 

Some rabbits were treated with retinal 
cryopexy (consisting of one or five freezes 
to the inferior periphery with the Machem- 
er probe) or 15 mg/kg of intravenous sodi- 
um iodate on the day before intravitreous 
injection of human RPE cells. 

On postoperative days 1, 3, 6, 10, 14, 21, 
and 28, eyes were examined by vitreous 
fluorophotometry. The equipment and the 
technical aspects of vitreous fluoropho- 
tometry have been previously described,’ 
except that fluorescent readings are 
directly entered into a computer for data 
processing and recording. Briefly, rabbits 
received an intravenous injection of 14 
mg/kg of fluorescein sodium and after ten 
minutes a serum sample was obtained. At 
exactly 60 minutes after the fluorescein 
injection scans were performed. Each scan 
was initiated at the same point on the 
retina 3 mm inferior to the optic nerve. The 
reading point was set 2 mm anterior to the 
retina and the fluorescein concentration at 
that point was calculated by the computer 
and printed out on its display screen. Fluo- 
rescent readings were also taken on serum 
from each rabbit specimen prepared by 
centrifugation of clotted blood samples. 

Retinal drawings were made from week- 
ly indirect ophthalmoscopic examinations 
and retinal detachments were graded by a 





Fig 2.—Left, Vitreous fluorophotometry in eyes injected with 0.1 mL of 
medium containing human retinal pigment epithelial (HRPE) cells 
(squares; n = 15) or human dermal fibroblasts (HDF) (circles; n = 8), 
or rabbit retinal epithelial (RRPE) cells (triangles; n = 9). Asterisk 


25 indicates P < .05; dagger, P < .025; and double dagger, P < .0025 by 


Student’s unpaired t test. Above, Retinal detachment grades at weekly 
examinations. See Table 1 for explanation of detachment grades. 


Table 2.—Vitreous Fluorophotometry Measurements in Retinal Pigment 
Epithelial Cell-Injected Eyes That Subsequently Developed 
Retinal Detachments Compared With Eyes That Did Not* 


Vitreous Fluorescein, 
ng/mL 


Vitreous Fluorescein/Plasma 


Fluorescein Ratio, X1074 


Days After p 


Detachment 


22.9 + 3.5 
18.0 + 2.4 


Injection 


Ltr EAA 
11.513 


No Detachment 





No Detachment P 


1.3 + 0.5 
1.5 + 0.2 


P Detachment 


.05 2.5 + 0.3 
.05 2:3. + D2 


* Vitreous fluorescein levels were measured one hour after injection of fluorescein and plasma fluorescein 
levels were measured 10 minutes after injection. Both the absolute level of vitreous fluorescein and the ratio of 
vitreous to plasma fluorescein are reported for eyes that developed detachments (n = 9) and those that did not 
(n = 6). Statistical comparisons were made by Student’s unpaired f test. 


modification of the technique of Fasten- 
berg et alë (Table 1). On postoperative day 
28 the rabbits were killed and their eyes 
were removed and placed in 10% buffered 
formaldehyde solution. After fixation the 
eyes were opened at the equator and exam- 
ined under a dissecting microscope. Reti- 
nal detachments were once again graded. 
Student’s unpaired ¢ test was used to 
compare fluorophotometry data between 
various groups, and Fisher’s two-tailed 
exact test was used to compare the inci- 
dence and extent of retinal detachments. 


RESULTS 


Intravitreous injection of human or 
rabbit RPE cells resulted in marked 
breakdown of the blood-retinal barri- 
er (Figs 1 and 2). For human RPE 
cells, fluorescein leakage peaked on 
postoperative day 3 and then declined. 
However, cell-injected eyes had high- 
er VFP readings than vehicle-injected 
eyes at all time points studied 
(P < .0005; Fig 1). Compared with 
human RPE cells, intravitreous injec- 
tion of rabbit RPE cells or human 
dermal fibroblasts resulted in greater 
breakdown of the blood-retinal barri- 
er manifested by higher peaks and 
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more prolonged elevation of vitreous 
fluorophotometry readings (Fig 2). 
Indirect ophthalmoscopy and gross 
pathologic examination were used to 
identify and grade traction retinal 
detachments in vehicle- and cell- 
injected eyes. No traction retinal 
detachments were identified in any 
vehicle-injected eyes. Of 15 eyes 
injected with human RPE cells, six 
developed little or no retinal elevation 
(grades 0 and 1), seven developed lim- 
ited traction retinal detachments 
(grade 2), and two developed severe 
funnel-shaped detachments (grade 4). 
When the vitreous fluorophotometry 
readings were segregated based on 
subsequent retinal detachment for- 
mation, it was found that eyes that 
went on to develop limited or severe 
traction retinal detachments exhib- 
ited significantly greater leakage in 
the first week after injection, before 
formation of traction retinal detach- 
ments (Table 2). Eyes that developed 
severe traction retinal detachments 
had more prolonged leakage com- 
pared with the other two groups (Fig 
3). As mentioned above, intravitreous 
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Fig 3.—Segregation of vitreous fluorophotometry readings in eyes injected with human retinal 
pigment epstheiial cells, based an severity of traction retinal detachment (TRD) formation. Circles 
indicate eyes that Geveloped no TRD or only surface wrinkling (graces O or 1; n = 6); squares, 
limited TRC (grade 2; n = 7); triangles, severe TRD (grade 4; n = 2); asterisk, P < .05; dagger, 
P < 025; andedouble dagger, P < .0025 by Student’s unpaired t test. 


Table 3.—Effect of Extent of Blood-Retinal Barrier Breakdown 
on the Severity of Traction Retinal Detachment* 


Grades 3 & 4 Difference From 
Detachments Human RPE, Pt 





Cell Type 
Human RPE 
Rabbit RPE 


Treatment 













Human cermal 

fibroblasts: <.001 
Human RPE Limited cryopexy <.003 
Human RPE Extensive cryopexy 11 <.001 









Human FPE Sodium iodate 





* RPE indicates retinal pigment epithelium. See Table 1 for explanation of detachment grades. 
tFesher's wo-tailedeexact test. 


Table .— Effect of Extent of Blood-Retinal Barrier Breakdown on the 
Rapidity of Traction Retinal Detachment Formation * 


Difference 
From Human 
RPE, Pt 


Grade 2 or Higher 
Detachmerts 


Cell Trpe Treatment Within 2 wk 
Human FPE 
RaBbit RPE 


Human cormal 
fibroblasts- 


Human FPE 
Human FPE 
Human FPE 


Limited cryopexy 
Extensive cryopexy 
Sodium iodate 





* RPE indicates retinal pigment epithelium. See Table 1 for explanation of detachment grades. 
+Fsher's wo-tailedeexact test. NS indicates not significant. 


2). When these groups were compared 
with respect to subsequent traction 
retinal detachment formation, it was 
found that detachments occurred ear- 


fibreblass& and rabbit RPE cells 
caused greater and more prolonged 
bloed-retma! barrier breakdown than 
intravitreous human RPE eells (Fig 
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lier and obtained a more severe grade 
in the fibroblast and rabbit RPE 
groups compared with the human 
RPE group (Fig 2, right; Tables 3 and 
4). 


Eyes treated with moderate retinal 
cryopexy (five freezes) or intravenous 
sodium iodate before RPE cell injec- 
tion had significantly greater vitreous 
VFP readings than untreated eyes 
injected with RPE cells (Fig 4). Eyes 
treated with mild cryopexy (one 
freeze) had VFP readings that were 
not as high as readings in eyes treated 
with moderate cryopexy or intrave- 
nous sodium iodate, but the readings 
were still significantly greater than 
those in untreated eyes (Fig 4). When 
these groups were compared with 
respect to tractien retinal detachment 
formation, it was found that eyes pre- 
treated with cryopexy or intravenous 
sodium iodate formed more severe 
traction detachments (Fig 4, Table 3). 
The rapidity of detachment formation 
was also increased by intravenous 
sodium iodate and moderate cryopexy, 
but not mild cryopexy (Fig 4, Table 
4). 


COMMENT 


There is good evidence demonstrat- 
ing that PVR is a eell-mediated dis- 
ease, although several questions 
remain as to the nature and origin of 
the stimuli for the cellular processes 
involved. Cell migration has been 
implicated as a means by which cells 
gain access to the vitreous cavity?’ 
and, when the cells are firmly adher- 
ent to the substratum, a means by 
which they generate tractional forces. 
Cell proliferation has been implicated 
as a means by which the number of 
intravitreal cells increases to the 
point that their tractional forces are 
capable of causing retinal detach- 
ment.” Cells may contribute to the 
stimuli for migration and prolifera- 
tion by producing and secreting 
growth factors." In the present study 
we have demonstrated that cells may 
also help provide exogenous stimuli 
access to the vitreous cavity by 
enhancing breakdown of the blood- 
retinal barrier. Thus, intravitreous 
cells play an active role in maintain- 
ing a suitable environment for contin- 
ued proliferatien and cytoskeletal 
movement with resultant traction. 

This finding underscores the very 
complex nature of the cellular pro- 
cesses involved in PYR. This complex- 
ity is likely to underlie the variable 
course seen in PVR, which often is 
inexorably progressive, but which can 
also undergo spontaneous involu- 
tion.'*'* Some degree of variability is 
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Fig 4.—Left, Vitreous fluorophotometry in eyes given various treatments before intravitreous injection of human retinal 
pigment epithelial cells. Rabbit eyes were treated with nothing (unshaded squares), intravitreous sodium iodate (circles), mild 
retinal cryopexy (shaded squares), or moderate retinal cryopexy (triangles). Asterisk indicates P < .05; dagger, P < .025; 
double dagger, P < .0025; and section mark, P < .0005 by Student’s unpaired ft test for difference from no treatment. Right, 
Retinal detachment grades at weekly examinations. See Table 1 for explanation of detachment grades. 


also seen in animal models of traction 
retinal detachment. This was certain- 
ly true in the present study in which 
the same intravitreous cell inoculum 
resulted in severe traction retinal 
detachment in some eyes and little or 
no detachment in others. During the 
course of the study it was noted that 
the same cell inoculum can also result 
in different degrees of blood-retinal 
barrier breakdown in different eyes 
and that the amount and duration of 
blood-retinal barrier breakdown cor- 
relates with the occurrence of traction 
retinal detachment. Intravitreous in- 
jection of fibroblasts or rabbit RPE 
cells caused greater leakage than 
injection of human RPE cells, and this 
leakage was associated with detach- 
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ments that occurred earlier and were 
more severe. This suggests that cer- 
tain cell types may be more adept 
than others in producing a sub- 
stance(s) responsible for blood-retinal 
barrier breakdown, an observation 
that warrants further investigation. 
When the amount of blood-retinal 
barrier breakdown was increased by 
moderate retinal cryopexy or intrave- 
nous sodium iodate, traction retinal 
detachments associated with human 
RPE injections also occurred earlier 
and were more severe. Mild retinal 
cryopexy, which had a less striking 
effect on the blood-retinal barrier, 
resulted in more severe but not earlier 
traction retinal detachment forma- 
tion. These data suggest that the 
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extent and duration of blood-retinal 
barrier breakdown may be important 
variables in traction retinal detach- 
ment formation in PVR. 

Previous studies have suggested 
that breakdown of the blood-retinal 
barrier may play an important initi- 
ating role in PVR.* The present study 
Suggests that this breakdown may 
also play a role in maintaining an 
environment conducive to the ulti- 
mate occurrence of traction retinal 
detachment. Better understanding of 
the blood-retinal barrier and the ways 
it is modulated may provide useful 
information leading to better prophy- 
laxis and management of PVR. 
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will work with the slit lamp you already have. 


Say goodbye to frustrating and expensive down time. HGM comes 
to your office and quickly connects your present Zeiss slit lamp, the 
only part of your old system that still works, to your new reliable 
laser. 







P ASS ALONG AN HEIRLOOM MORE VALUABLE THAN GOLD. 


# 
Lire. 
When wou make a bequest to the American 


Heart Association, you're passing along a pre- 
cious legacy. The gift of life. That’s because 
your ca@ntridution supports research that 
could save vour descendents from America’s 
number one killer. 


What’s more, your gift doesn’t have to diminish 

the estæe yeu leave to your family. It may, 

im fact, “educe estate taxes and current taxes 
= as well. 


To learr mere about the Planned Giving Program, call us 


teday. ITs the first step in making a memory that lasts 
beyond a lifetime. 


WERE FIGHTING FOR YOUR LIFE 


$ 
íP American Heart Association 


Tht spase provided as a public service. 








And Hello to HGM Reliability. 


You can put money inso rebuilding an oversized antique, or you can 
own a portable HGM ser and find something better to do with the 
extra money, space, and time. 


Call 1-800-447-0234 .oday to learn how you can save time and TA 
money with a new compact HGM laser. medical taser systems ggo” inc 
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If it’s allergic conjunctivitis 
FML® 
(fluorometholone) 0.1 % Liquifilm® 
sterile ophthalmic suspension 
- Gives the opportunity for fast relief 
from inflammation. 
- Less tendency to increase IOP than 
dexamethasone. 
- Costs less than Opticrom® * 





EYE PENCIL 


If it’s infectious conjunctivitis 
Bleph®10 
(sulfacetamide sodium ophthalmic 
solution) 10% with Liquifilm® 
(polyvinyl alcohol) 14% Sterile 
- Effective gram-positive and gram- 
negative bacterial coverage with 
sulfacetamide sodium. 
- Liquifilm vehicle soothes and cools 
irritated eyes. 
- Costs less than Sodium Sulamyd.®** 


MASCARA 





POLLEN GRAIN i 
(COSMOS BIPINNATUS) 





We'll see your conjunctivitis 


If it’s “nonspecific” conjunctivitis 

Blephamide® 

(sulfacetamide sodium 10%, pred- 

nisolone acetate 0.2 %) Liquifilm® 

sterile ophthalmic suspension 

- Effective gram-positive and gram- 
negative bacterial coverage with 
sulfacetamide sodium. 4 

- In studies with rabbit eyes, the pred- 
nisolone acetate in Blephamide 
delivers more active drug to the site 


STAPHYLOCOCCUS 


of inflammation Gn the first 15 
minutes) . . . and stays there (for up 
to 5 hours) . . . when compared with 
prednisolone sodium phosphate in 
Vasocidin.' So, yeu can give your 
patients the epportunity for rapid, 
long-lasting relief. 

» Liquifilm vehicle soothes and cools 
irritated eyes. 


*Comparing 10 mL bottle sizes, based on Feb- 
ruary 1988 average wholesale prices. Opticrom 
is a registered trademark of Fisons Corp. 

**Comparing 15 mL bottle sizes, based on Feb- 
ruary 1988 average wholesale prices. Sulamyd 
is a registered trademark of Schering Corp. 
'Reference: Allergan Pharmaceuticals Report 
Series, No. 188, 1982. The clinical significance 
of these animal data is unknown. 

Please see adjacent page for brief summary of 

prescribing information. 





= ALLERGAN'PHARMACEUTICALS 
A Division of Allergan, Inc; Irvine, CA 92713 
©1988 
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Bleph=10 


(sulfacetamide sodium ophthalmic solution) 10% 
with Liquifilm® (polyvinyl alcohol) 1.4% Sterile 





INDICATIONS AND USAGE: Bleph-10 is indicated for the treat- 
ment of conjunctivitis, corneal ulcer and other superficial 

ocular infections caused by susceptible Heath aya and 

ps ose treatment in systemic sulfonamide therapy of 
rachoma. 


CONTRAINDICATIONS: Bleph-10 is contraindicated in indi- 
viduals who have a hypersensitivity to sulfonamide prepara- 
tions or to any of the ingredients of the preparation. 


PRECAUTIONS: Sulfacetamide preparations are incompatible 
with silver preparations. 


Nonsusceptible organisms, including fungi, may proliferate 
with the use of this preparation. Sulfonamides are inactivated 
by the aminobenzoic acid present in purulent exudates. Sen- 
sitization may occur when a sulfonamide is re-administered 
irrespective of the route of administration, and cross- 
Sensitivity between different sulfonamides may occur. If signs 
of sensitivity or other untoward reactions occur, discontinue 
use of the preparation. 


ADVERSE REACTIONS: Sulfacetamide sodium may cause 
local irritation, stinging and burning. While the irritation may 
be transient, occasionally, use of the medication has to be 
discontinued. 


Although sensitivity reactions to sulfacetamide sodium are 
rare, an isolated incident of Stevens-Johnson syndrome was 
reported in a patient who had experienced a previous bul- 
lous drug reaction to an orally administered sulfonamide, and 
a single instance of local hypersensitivity was reported which 
si ea to a fatal syndrome resembling systemic lupus 
erythematosus. 


Blephamide’ 


(sulfacetamide sodium - prednisolone acetate) 
Liquifilm® sterile ophthalmic suspension 





INDICATIONS AND USAGE: A steroid/anti-infective combi- 
nation is indicated for steroid- responsive inflammatory ocular 
conditions for which a corticosteroid is indicated and where 
bacterial infection or a risk of bacterial ocular infection exists. 


Ocular steroids are indicated in inflammatory conditions of 
the palpebral and bulbar conjunctiva, cornea, and anterior 
segment of the globe where the inherent risk of steroid use 
in certain infective conjunctivitides is accepted to obtain a 
diminution in edema and inflammation. They are also indi- 
cated in chronic anterior uveitis and corneal injury from chem- 
coo radiation or thermal burns or penetration of foreign 
ies. 


The use of a combination drug with an anti-infective compo- 
nent is indicated where the risk of infection is high or where 
there is an expectation that potentially dangerous numbers 
of bacteria will be present in the eye. 


The particular anti-infective drug in this product is active 
against the following common bacterial eye pathogens: 
Escherichia coli, Staphylococcus aureus, Streptococcus 
pneumoniae, Streptococcus (viridans group), Pseudomonas 
species, Haemophilus influenzae, Klebsiella species, and 
Enterobacter species. This product does not provide adequate 
coverage against Neisseria species and Serratia marcescens. 


CONTRAINDICATIONS: Epithelial herpes simplex keratitis 
(dendritic keratitis), vaccinia, varicella, and many other viral 
diseases of the cornea and conjunctiva. Mycobacterial infec- 
tion of the eye. Fungal diseases of the ocular structures. 
Hypersensitivity to a component of the medication. (Hyper- 
sensitivity to the antimicrobial component occurs at a higher 
rate than for other components.) 


The use of these combinations is always contraindicated after 
uncomplicated removal of a corneal foreign body. 


WARNINGS: Prolonged use may result in glaucoma with 
damage to the optic nerve, defects in visual acuity and fields 
of vision, and in posterior subcapsular cataract formation. 
Prolonged use may suppress the host response and thus 
increase the hazard of secondary ocular infections. In those 
diseases causing thinning of the cornea or sclera, perfora- 
tions have been known to occur with the use of topical 
steroids. In acute purulent conditions of the eye, steroids may 
mask infection or enhance existing infection. If these products 
are used for 10 days or longer, intraocular pressure should 
be routinely monitored even though it may be difficult in 
children and uncooperative patients. 


Employment of a steroid medication in the treatment of herpes 
simplex requires great caution. 


A significant percentage of staphylococcal isolates are com- 
pletely resistant to sulfa drugs. 


PRECAUTIONS: The initial prescription and renewal of the 
medication order beyond 20 milliliters should be made by 
a physician only after examination of the patient with the aid 
of magnification, such as slit lamp biomicroscopy and, where 
appropriate, fluorescein staining. 


The possibility of fungal infections of the cornea should be 
considered after prolonged steroid dosing. 


ADVERSE REACTIONS: Adverse reactions have occurred with 
steroid/anti-infective combination drugs which can be 
attributed to the steroid component, the anti-infective com- 
ponent, or the combination. Exact incidence figures are not 
available since no denominator of treated patients is available. 


Reactions occurring most often from the presence of the anti- 
infective ingredient are allergic sensitizations. The reactions 
due to the steroid component in oaen order of frequency 
are: elevation of intraocular pressure (IOP) with possible 
development of glaucoma, and infrequent optic nerve 
damage; posterior subcapsular cataract formation; and 
delayed would healing. 


Secondary infection: The development of secondary infec- 
tion has occurred after use of combinations containing 
steroids and antimicrobials. Fungal infections of the cornea 
are particularly prone to develop coincidentally with long-term 
applications of steroid. The possibility of fungal invasion must 
be considered in any persistent corneal ulceration where 
steroid treatment has been used. 


Secondary bacterial ocular infection following suppression 
of host responses also occurs. 


FML’ 
(fluorometholone) 0.1% 
Liquifilm® sterile ophthalmic suspension 





INDICATIONS AND USAGE: FML is indicated for the treat- 
ment of corticosteroid-responsive inflammation of the pal- 
pebral and bulbar conjunctiva, cornea and anterior segment 
of the globe. 


CONTRAINDICATIONS: FML is contraindicated in the follow- 
ing conditions: 

Epithelial herpes simplex keratitis (dendritic keratitis), vac- 
cinia, varicella, and other viral diseases of the cornea and 
conjunctiva. 


Tuberculosis of the eye. 
Fungal diseases of the ocular structures. 
Hypersensitivity to any component of the medication. 


WARNINGS: Corticosteroid medication in the treatment of 
patients with a history of herpes simplex keratitis (involving 
the stroma) requires great caution; frequent slit lamp 
microscopy is mandatory. 


Prolonged use may result in elevation of IOP. with damage 
to the optic nerve, defects in visual acuity and fields of vision, 
and/or in posterior subcapsular cataract formation. It may 
also aid in the establishment of secondary ocular infections 
from fungi or viruses liberated from ocular tissues. 


Various ocular diseases and long-term use of topical cor- 
ticosteroids have been known to cause corneal and scleral 
thinning. Use of topical corticosteroids in the presence of 
thin corneal or scleral tissue may lead to perforation. 


Acute purulent untreated infection of the eye may be masked 
or activity enhanced by the presence of corticosteroid medi- 
cation. 


PRECAUTIONS: General: As fungal infections of the cornea 
are particularly prone to develop coincidentally with long-term 
local corticosteroid applications, fungal invasion must be 
suspected in any persistent corneal ulceration where a cor- 
ticosteroid has been used or is in use. 


Intraocular pressure should be checked frequently. 


Srey bang wc mutagenesis, impairment of fertility: No 
Studies have been conducted in animals or in humans to 
evaluate the possibility of these effects with fluorometholone. 


Pregnancy Category C: Fluorometholone has been shown 
to be teratogenic and embryocidal in rabbits when given in 
doses approximating the human dose and above. There are 
no adequate, well-controlled studies in pregnant women. 
Fluorometholone should be used during pregnancy only if 
the potential benefit outweighs the potential risk to the fetus. 


Fluorometholone was ocularly applied to both eyes of preg- 
nant rabbits at various dosage levels on days 6 to 18 of gesta- 
tion. A significant dose-related increase in fetal abnormalities 
and in fetal loss was observed. 


Nursing Mothers: It is not known whether topical ophthalmic 
administration of corticosteroids could result in sufficient sys- 
temic absorption to produce detectable quantities in breast 
milk, nevertheless, the physician should consider the patient 
discontinuing nursing while the drug is being administered. 


Pediatric Use: Safety and effectiveness in children have not 
been established. 


ADVERSE REACTIONS: Adverse reactions include, in decreas- 
ing order of frequency, elevation of intraocular pressure (IOP) 
with possible development of optic nerve damage; loss of 
visual acuity or defects in fields of vision; posterior subcap- 
sular cataract formation; delayed wound healing. 


The following have also been reported after the use of topical 
corticosteroids: Secondary ocular infection from pathogens 
liberated from ocular tissues and, rarely, perforation of the 
globe when used in conditions where there is thinning of the 
cornea or sclera. 
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Edited by Malcolm N. Luxenberg, MD 


Spontaneous Pseudohypopyon Secondary to 
Diffuse Infiltrating Retinoblastoma 


A healthy 5-year-old girl developed irri- 
tation im her left eye. Examination re- 
vealed a “hypopyen” (Fig 1), retinal telan- 
giectasia, and yellow subretinal material, 
suggesting intraocular inflammation or 
Coats disease (Fig 2). Although ultrasono- 
graphy and computed tomography dis- 
closed no evidence of an intraocular mass, 
a diffuse infiltrating retinoblastoma was 
suspected, and the blind eye was enucle- 
ated. 

Macroscopically, the retina of the sec- 
tioned eye was diffusely thickened and 
opacified (Fig 3). A ring of white tissue 
encireled the lens (Fig 4). Histopathologic 
examination confirmed the diagnosis of 
diffuse infiltrating retinoblastoma. Reti- 
noblastoma cells infiltrated the retina (Fig 
5), the iris, and the zonular area (Fig 6). 


COMMENT 


Diffuse infiltrating retinoblastoma 
is a rare form of retinoblastoma char- 
acterized by a relatively flat infiltra- 
tion of the retina by tumor cells.'* 
Because an obvious mass is not 
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present, such tumors tend to become 
clinically apparent at an older age 
than typical cases of retinoblastoma. 
They frequently produce vitreous and 
anterior chamber seeding, which may 
be confused with intraocular inflam- 
mation. 

Fortunately, almost all reported 
cases of diffuse infiltrating retino- 
blastoma have been unilateral sporad- 
ic cases with a negative family 
history. Because of the extensive 
intraocular seeding in most instances, 
enucleation has been considered to be 
the best management. 

We have seen several cases of dif- 
fuse infiltrating retinoblastoma in 
children between 5 and 12 years of age 
who have undergone medical treat- 
ment and even vitrectomy because of 
the suspected diagnosis of intraocular 
inflammatory disease. Any child, 
regardless of age, who presents with 
signs of endophthalmitis should be 


considered to have diffuse infiltrating 
retinoblastoma until proved other- 
wise. Diagnosis and treatment should 
be directed accordingly. 
JERRY A. SHIELDS, MD 
CAROL L. SHIELDS, MD 
RALPH C. EAGLE, MD 
Philadelphia 


CHARLES J. BLAIR, MD 
Richmond, Va 


This investigation was supported in part by 
the Ocular Oncology Fund and the Oncology 
Research Fund, Wills Eye Hospital, Philadel- 
phia, and in part by the Black Patch Invitational 
Golf Tournament, Downingtown, Pa. 
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Fig 1.—Anterior segment photograph showing white material in 
anterior chamber. 





Fig 4.—Anterior view of sectioned globe showing infiltration of 
zonule by diffuse white tumor tissue. 





Fig 5.—Low-power photomicrograph of sensory retina showing 
basophilic thickening by retinoblastoma cells (hematoxylin- 
eosin, original magnification X 10). 


Fig 2.—Fundus photograph showing hazy vitreous, retinal 
vascular changes, and yellow material seemingly beneath 
retina. 





Fig 6.—Low-power photomicrograph of ciliary body and zonular 


ms 
3- l is region showing infiltration of zonule by clumps of viable and 
ig 3.—Sectioned globe showing minimal thickening of sensory necrotic tumor cells (hematoxylin-eosin, original magnification 
retina by white tumor tissue. X10). 
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Surgical Techniques 


Delayed Primary Wound Closure 


Use te Prevent Implant Extrusion Following 
Evisceration for Endophthalmitis 


Col John W. Shore, MC, USAF; J. Paul Dieckert, MD; Mark R. Levine, MD 


® We used delayed primary wound clo- 
sure im theee cases of bacterial endoph- 
thalmitis t minimize the risk of implant 
extrusion following evisceration. In a 
fourth cas, the wound was closed pri- 
marily bufwound dehiscence and implant 
extrusion occurred six weeks postopera- 
tively, and reoperation was required. The 
advantages of delayed primary wound 
closure fellewing evisceration of the 
globe for endophthalmitis include rapid 
removal o the intraocular abscess, con- 
tinued dramage and mechanical débride- 
ment of the infected scleral pouch, and 
the develepment of granulation tissue 
resistant te kacterial growth at the wound 
margins pricr to wound closure. These 
factors are important in reducing the risk 
of implant extrusion following eviscera- 
tion of the-gipbe for endophthalmitis. 

(Arch Ophthaimo!l 1988;106:1303- 
1308) 


viscerutvon, a surgical procedure 
imwhich the entire contents of the 
globe are removed through a corneal, 
limbal, or seleral incision, is effective 
in treating advanced suppurative 


Accepted fer publication March 8, 1988. 

Fromethe Department of Ophthalmology, Wil- 
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Reprint requests to Department of Ophthal- 
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endophthalmitis.'? Placement of an 
alloplastic implant within the in- 
fected scleral pouch following eviscer- 
ation carries the risk for implant 
extrusion postoperatively.** Delayed 
primary wound closure is a surgical 
technique used in similar clinical set- 
tings by other surgical specialists to 
reduce the incidence of wound compli- 
cations when the operative field is 
grossly contaminated.** We have suc- 
cessfully used delayed primary wound 
closure, combined with evisceration, 
to manage three cases of suppurative 
endophthalmitis to reduce the risk of 
implant extrusion. In a fourth case, 
delayed primary wound closure was 
not used and implant extrusion 
occurred. 


SURGICAL TECHNIQUE 


Surgery is best performed with the 
patient under general anesthesia and 
receiving intravenous antibiotics, after 
appropriate microbiological investigations 
have been completed. 

Evisceration for endophthalmitis can be 
performed with er without keratectomy. 
Keratectomy is indicated when the cornea 
is abscessed, a frequent finding in 
advanced suppurative endophthalmitis. 

A wire speculum is inserted to retract 
the eyelids. A 360° fornix-based, limbal 
peritomy is performed 2 mm posterior to 
the corneoscleral limbus, beginning at the 
12-o0’clock meridian (Fig 1). Conjoined Ten- 
on’s fascia and conjunctiva are reflected 
toward the apex of the cornea to expose the 
surgical limbus. This tissue is used for 
traction during keratectomy. Posteriorly, 
Tenon’s fascia and conjunctiva are divided 
and dissected off the sclera in two layers. 
The dissection is carried posteriorly to the 
level of the tendinous insertions of the 
vertical and horizental recti muscles. Due 
to inflammation, bleeding is usually brisk 
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and should be controlled with bipolar cau- 
tery. 

The sclera is incised with a scalpel at the 
posterior surgical limbus and the anterior 
chamber is entered (Fig 2). Corneoscleral 
scissors are used to complete the kera- 
tectomy. The lens, vitreous, and uveal tract 
are exposed once the cornea has been 
excised. It is important to preserve the 
conjunctiva and Tenon’s capsule along the 
posterior aspect ef the wound, as this 
tissue is used to remforce the wound at the 
time of delayed primary wound closure. 

An evisceration spoon or periosteal ele- 
vator is introducedinto the suprachoroidal 
space at the scleral spur. The uvea is 
elevated away from the underlying sclera 
around the entire inner surface of the 
globe (Fig 3). As the dissection proceeds 
posteriorly toward the optic nerve, bleed- 
ing increases, because the vortex veins and 
the central retinal artery are severed. 
Hemostasis cannot be achieved until the 
entire uveal tract and retina have been 
removed. The uvea is firmly attached to 
the sclera at the site of scleral penetration 
of the vortex veins, at the optic nerve head, 
and at the scleral spur. These attachments 
must be severed, if the uvea, lens, and 
vitreous body are te be removed. Once this 
dissection is complete, the entire contents 
of the globe are “seooped out.” All speci- 
mens (including the cornea) are submitted 
for microbiological cultures and histopath- 
ological and ultrastructural examinations, 
as indicated. Bleeding is controlled with 
surgical packing sponges. An absorbable 
hemostat (oxidized regenerated cellulose 
[Surgicel]), thrombin-soaked absorbable 
gelatin sponge (Gelfoam), or microfibrillar 
collagen hemostat (Avitine) may be uti- 
lized, but are rarely necessary. A light 
application of bipolar cautery in the region 
of the vortex veins may be required, but 
visualization is not always adequate and 
packing is easier. A cautery applied near 
the long posterior cilliary nerves will cause 
pain, if surgery is performed with the 
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Fig 1.— Conjunctival peritomy is performed 2 mm posterior to corneo- 
scleral limbus. Conjoined conjunctiva and Tenon’s fascia can then be 


used for traction during keratectomy. 





Fig 3.— Sharp dissecting instrument such as a periosteal elevator or an 
evisceration spoon is advanced in suprachoroidal space to separate 


uvea and intraocular contents from overlying sclera. 


patient under local anesthesia. A unipolar 
cautery should be avoided, since the cur- 
rent can ascend the intact optic nerve, 
causing proximal axonal damage. 

Once bleeding is controlled, residual uve- 
al tissue is removed from the inner surface 
of the sclera with cotton-tipped applicators 
or a “peanut” dissector (Fig 4). It is not 
necessary to evert the sclera to get the 
uveal pigment off the sclera. The wound is 
vigorously irrigated with an antibiotic 
solution, such as polymyxin b sulfate (Neo- 
sporin) or povidone-iodine surgical solu- 
tion mixed half and half with normal 
saline. 

The scleral shell is packed (Fig 5) snugly 


with a long, folded piece of iodoform- 
impregnated gauze (Nu Gauze). A con- 
former is not used. A light turbine head 
wrap is placed to maintain pressure on the 
orbit. 

Intravenous antibiotics are continued in 
accordance with the culture and sensitivity 
studies previously performed. Dressing 
changes are initiated on the first postoper- 
ative day and continue twice daily together 
with intravenous antibiotics. Dressing 
changes consist of removing the packing 
and replacing it with more iodoform- 
impregnated gauze. Alternatively, fine- 
mesh gauze may be soaked in antibiotic 
solution and gently packed into the scleral 


1304 Arch Ophthalmol— Vol 106, Sept 1988 


Fig 2.—Eye is entered with scalpel at posterior corneoscleral limbus. 
Keratectomy is performed with corneoscleral scissors. 


Fig 4.—‘‘Peanut’’ dissector or cotton-tipped applicators are used to 
vigorously scrape residual uveal pigment from sclera. 


pouch. Usually, suppuration and inflam- 
mation subside rapidly. The wound 
appears clean and ready for delayed pri- 
mary closure within three to five days. 
Oxidative débridement with hydrogen per- 
oxide solution should be avoided. Frequent 
dressing changes provide the mechanical 
débridement necessary to clean the wound 
without interrupting the development of 
granulation tissue. The patient may expe- 
rience some discomfort during dressing 
changes, so pain and anxiety should be 
controlled with appropriate premedica- 
tion. 

At the time of delayed primary wound 
closure, it is necessary to enlarge the 
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Fig 5.—Sctreal pouch is packec with iodoform-impregnated fine-mesh 
gauze. Packing is changed daily and provides mechanical debridement 
of infected 90 «ch. 


Fig 7.—Silicore spherical implant is placed within scleral pouch. lf 
necessary, pouch can be enlarged by making radial incisions in all four 
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Fig 6.—At time of delayed closure, circular wound is converted to 
elliptical one by trimming sclera horizontally to tendinous insertions of 


horizontal recti muscles. 


sutures. 


quadrants betw2en bellies of horizontal and vertical recti muscles. 


wound slight] so the proper-sized scleral 
implant car © placed. After the packing 
has been removed from the wound, a 3 X 3- 
mm triangle œ selera is excised with scis- 
sors or scalpel at the 9- and 3-o’clock 
positions (F g 5). 

A 14- or 6mm solid silicone sphere is 
placed within zhe scleral shell (Fig 7). At 
times, the sđe-a must be incised in a radial 
fashion in tke superior nasal, inferior 
nasal, saperror temporal, and inferior tem- 
poral quadras to relax the scleral wall, 
providing norm room for the implant. 

The sclera s draped over tae implant 
and sutured*wth interrupted 4-0 polyglac- 
tin (Vicryl) sæures (Fig 8). Alternatively, 


Arch Ophthainsoi— Vol 106, Sept 1988 


a horizontal mattress suture technique can 
be used. If the scleral wound is closed 
under tension, extrusion is likely. The 
scleral implant should be sized to allow 
easy approximation of the wound edges; 
however, the implant should be large 
enough to completely fill the scleral shell. 

Conjunctiva and Tenon’s capsule should 
not be incorporated in the scleral closure. 
Instead, Tenon’s fascia is closed with inter- 
rupted 6-0 polyglactin sutures and the con- 
junctiva is closed with a running suture or 
interrupted sutures of 6-0 plain catgut (Fig 
9). Intravenous antibiotics can be discon- 
tinued, unless the clinical situation dic- 
tates otherwise. 





Fig 8.—Sclera is closed with interrupted 4-0 polyglactin (Vicryl) 


During the period between initial evis- 
ceration and delayed primary wound clo- 
sure, a conformer is net used. Following 
delayed primary wound closure, an appro- 
priately sized silicone or clear methyl- 
methacrylate conformer is placed within 
the cul-de-sac to maintain the fornices. 
The conformer should net be so large as to 
put undue pressure on the suture line over 
the implant. A light pressure dressing is 
used to absorb drainage from the wound. 
The dressing is removed 24 to 36 hours 
after surgery. Topical antibiotic ointments 
are used daily for wound hygiene and 
comfort. Swelling is usually minimal and 
resolves within five to ten days. When the 
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Fig 9.—Tenon’s fascia (large arrow) is closed with interrupted 6-0 poly- 
glactin (Vicryl) sutures. Conjunctiva (small arrow) is closed with simple 


or running 6-0 plain catgut sutures. 


wound is healed and postoperative swelling 
has subsided, a custom-fit prosthesis is 
ordered. 


REPORT OF CASES 


Case 1.—A 34-year-old man was seen 
two days after a penetrating injury of his 
left eye. The patient had been using a 
high-speed, power rotary lawn edger with 
an automatic polyethylene line-advance 
mechanism. As the line-advance mecha- 
nism was activated, the patient experi- 
enced a sudden, sharp pain around his left 
eye and noticed an immediate reduction in 
vision. The patient was treated at a local 
hospital and air-evacuated to Wilford 
USAF Medical Center, San Antonio, Tex, 
after suppurative endophthalmitis devel- 
oped. Prior to his transfer, appropriate 
cultures were obtained, and intravenous 
and topical antibiotics were started. On 
arrival, the patient’s temperature was 
39.4°C. The patient was somnolent but had 
no meningism and results from a neurolog- 
ical examination were normal. The visual 
acuity was 20/20 OD and no light percep- 
tion in the left eye. The left orbit was 
proptotic and tense to palpation. The left 
upper and lower eyelids were edematous. 
Eyelid erythema extended 3 cm beyond the 
bony orbital rims. A copious, purulent exu- 
date was present beneath the eyelids and 
exuded from the palpebral fissure. The 
conjunctiva was diffusely chemotic. The 
cornea was totally opacified, a dense stro- 
mal infiltrate was observed, and the ante- 
rior chamber and iris details could not be 
observed. B-scan ultrasonography failed to 
demonstrate an intraocular foreign body 
but vitreous organization was present. A 
computed tomographic scan of the sinuses, 
orbits, and brain showed a diffuse, intense 
inflammatory process confined to the left 
orbit without evidence of an intraocular or 
intraorbital foreign body. The sinuses were 


clear and no brain, subperiosteal, or orbit- 
al soft-tissue abscesses were evident. The 
patient continued to receive intravenous 
antibiotics and was prepared for surgery. 
On the evening of his arrival at the hospi- 
tal, an evisceration with keratectomy was 
performed. Following evisceration, with 
daily dressing changes and continuous 
intravenous antibiotics, the inflammation 
rapidly subsided. On the fourth postopera- 
tive day, the patient was returned to the 
operating suite, where the wound was 
closed in layers over a 14-mm silicone 
sphere. The wound healed uneventfully 
and the patient was fitted with a prosthet- 
ic eye six weeks later. Follow-up at six 
weeks, three months, and one year after 
surgery revealed a well-healed socket, 
slight enophthalmos, good motility of the 
prosthesis, and no evidence of sympathetic 
ophthalmia in the right eye. 

CASE 2.—A 61-year-old woman developed 
suppurative endophthalmitis in her left 
eye, which had not been operated on, six 
weeks after an uncomplicated intracapsu- 
lar lens extraction in the right eye. The 
postoperative course had been uneventful, 
until the sixth postoperative week, when 
the patient presented with complaints of 
left periorbital pain. Physical examination 
revealed a normal-appearing postoperative 
right eye. The left eye had no light percep- 
tion. The eyelids were edematous. The bul- 
bar conjunctiva was hyperemic and che- 
motic. A tenacious, mucopurulent dis- 
charge was observed exuding from the left 
palpebral fissure. The cornea was edema- 
tous. A total hypopyon was present. Iris 
and fundus details could not be visualized. 
Following left anterior chamber and vitre- 
ous taps, intravenous penicillin G potassi- 
um and subconjunctival penicillin G and 
gentamicin sulfate were administered. The 
suppurative process continued unabated 
and panophthalmitis developed, prompting 
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Fig 10.—Clinical appearance of socket of 23-year-old man eight weeks 
following evisceration for treatment of endophthalmitis. Alloplastic 
implant was placed within scleral pouch at time of initial surgery. _ 
Central wound dehiscence developed seven weeks postoperatively. 
Synthetic polyester (Dacron) suture material (large arrow) is present 
along nasal wound margin. Conjunctiva is proliferating around edge of 
sclera at wound margin (small arrow). 


evisceration with keratectomy. The wound 
was managed as described earlier. By the 
fifth postoperative day, the suppuration 
had cleared and the orbital inflammation 
had subsided. The patient was returned to 
the operating suite and a 14-mm spherical 
silicone implant was placed within the 
scleral pouch. The wound was closed in 
layers. The wound healed uneventfully and 
the patient was fitted with a prosthesis six 
weeks later. The patient was followed up 
for two years postoperatively, with no evi- 
dence of implant extrusion in the left eye 
or sympathetic ophthalmia in the right 
eye. 

CASE 3.—A 36-year-old man developed 
Stevens-Johnson syndrome. Multiple ocu- 
lar complications ensued, including severe 
trichiasis, subconjunctival fibrosis, epider- 
malization of the palpebral conjunctiva, 
keratoconjunctivitis sicca, bilateral upper 
and lower eyelid entropion, recurrent cor- 
neal erosions, corneal ulcerations, and 
bilateral corneal perforations. After five 
failed penetrating keratoplasties, the right 
eye developed phthisis bulbi and was enu- 
cleated. By October 1983, the patient was 
severely immunocompromised from long- 
term administration of systemic predni- 
sone up to 80 mg/d, and topical predniso- 
lone sodium phosphate given as frequently 
as every four hours, as well as systemic 
chemotherapy administered in a heroic 
attempt to achieve a stable ocular surface 
in the left eye. A persistent central corneal 
epithelial defect developed in the left eye 
followed by stromal melting, corneal per- 
foration, and suppurative endophthalmi- 
tis. The left globe was eviscerated in 
November 1983. Postoperatively, the 
wound was managed as described earlier in 
this communication. Following eviscera- 
tion, the orbital inflammation cleared rap- 
idly. The patient was returned to the oper- 
ating suite on the fifth postoperative day, 
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where thepacking was removed, the wound 
irrigated, amd a 14-mm silicone spherical 
implant placed within the scleral pouch. 
Despite the patient’s severe immunocom- 
promised status, the wound healed com- 
. pletely. Tae patient was fit with a pros- 
thetic eye six weeks later. The wound has 
remaimed stable and free of eomplications 
during five wears of follow-up. 

Case 4.—A 23-year-old man suffered 
severe micfezial injuries in a motor vehicle 
accident in May 1986. A large corneoscleral 
laceratiom o: the right globe was repaired 
but the eye aeveloped suppurative endoph- 
thalmitis. The patient was tr2ated aggres- 
sively with topical, fortified gentamicin 
and cefazelin sodium but the suppurative 
process progressed and vision was lost. The 
globe was eviscerated. A 16-mm silicone 
sphere was mserted into the scleral pouch 
at the time of evisceration. Tae sclera was 
closed with 5-0 synthetic pelyester (Da- 
cron) sutures and the conjunctiva was 
closed witn 5-0 plain catgut sutures. The 
suppurative process never completely 
resolved. The conjunctiva remained che- 
moticand hyperemic. An early separation 
of the suture line was present during 
examimation on the tenth postoperative 
day. @ver the next seven weeks, the con- 
junctiva covering the scleral incision 
thinned progressively and, in July 1986, a 
woune dehiscence was noted. The patient 
was transienred to the Oculoplastic Sur- 
gery Servime-at Wilford Hall USAF Medi- 
cal Center Physical examination revealed 
a 4-mm central wound dehiscence and the 
silicome impiant was clearly visible, pro- 
truding through the defect in the sclera 
(Fig 10). Suture material was present 
along theedges of the wound. The conjunc- 
tiva had proliferated over the edges of the 
sclera. It was impossible to grasp and 
reapproximate the wound margins over 
the implaat. Cultures of the sclera and 
conjunctiva were negative. The wound was 
opened and the silicone implant removed. 
The selere m the area of the retained 
sutures was necrotic. The devitalized 
sclera was sharply débrided and all old 
sutures were removed. Racial relaxing 
incisions were made in the posterior aspect 
of the sclera between the rectus muscles in 
all four quadrants to make more room fora 
smaller implant. A 12-mm spherical sili- 
cone implant was placed with:n the scleral 
pouch. ScEra, Tenon’s capsule, and con- 
junctiva were closed as described above. 
The wounc healed uneventfully. A cosmet- 
ic prosthesis. was fit six weeks postopera- 
tively. Thepatient has been fo_lowed up for 
18 months postoperatively, with a nicely 
healed socket, no evidence of implant 
extrusion, zond motility of the prosthesis, 
and no evidence of inflammation of the 
remaining y2. 


COMMENT 


Suppurative endophthalmitis is an 
accepted indication for verforming 
primary evisceration, when there is 
no chance of preserving vision or an 
intact, fumetional globe.'* Eviscera- 
tion effers several advantages over 
enucleation in this clinical setting’: 
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the meninges and optic nerve are not 
violated, thereby reducing the chance 
for bacterial seeding of the subarach- 
noid space; the ocular abscess is 
drained quickly with excellent expo- 
sure and superb visualization; exces- 
sive bleeding from inflamed orbital 
tissues is avoided; the sclera remains 
intact and serves as a barrier to pro- 
gression of the suppurative process 
(although seeding of the orbit can still 
occur through emissary and vortex 
veins); and delicate orbital anatomic 
structures are not disturbed as in 
enucleation; therefore, good ocular 
motility is anticipated, once the infec- 
tion clears; and the globe remains 
fixed in position by Tenon’s capsule, 
the extraocular muscles, the inter- 
muscular septum, and fibrous orbital 
septae, so late migration of the orbital 
implant is unlikely. 

Once evisceration is performed, one 
must decide how best to handle the 
infected scleral pocket, since place- 
ment of an alloplastic implant in an 
infected, closed space carries the risk 
for wound breakdown, continued sup- 
puration, and implant extrusion.’ One 
option is the “open evisceration,” an 
operation in which the scleral pouch is 
packed open.'° The packing is changed 
daily for four or five days and then 
permanently removed. The wound 
heals by secondary intention. Alter- 
natively, the surgeon may close the 
wound primarily’ and accept the risk 
of early extrusion. We prefer a third 
approach: delayed primary wound clo- 
sure. 

The incidence of implant extrusion 
of alloplastic implants following evis- 
ceration from all causes ranges from a 
low of 1% to 3%" to a high of 22% (C. 
Zolli, MD, unpublished data, 1985). 
The extrusion rate associated with the 
placement of alloplastic implants in 
infected scleral pouches following 
evisceration for endophthalmitis is 
not known. In the preantibiotic era, 
extrusion rates from all causes were 
as high as 25% and infection was a 
frequent cause.’ In 1939, Burch’ dem- 
onstrated that retention of the cornea 
reduced the incidence of implant 
extrusion, but it is not clear if his 
success was due to careful case selec- 
tion (such as avoiding the use of allo- 
plastic implants for infected cases) or 
to other causes. In 1960, Hughes’ 
identified endophthalmitis as a con- 
traindication to placement of a prima- 
ry alloplastic implant following evis- 
ceration. However, Baylis et al’? have 
not experienced any extrusions of 
alloplastic implants placed within 
infected, eviscerated globes. Despite 
the lack of canclusive evidence, it 


seems prudent to avoid placing allo- 
plastic material im infected scleral 
pouches, since the risk of implant 
extrusion may be unacceptably high. 

Other causes fer early implant 
extrusion include retained foreign 
material within the infected scleral 
pouch, poor blood supply to the sclera, 
tight wound closure over an implant 
that is too large, and continued suppu- 
ration following closure.''” It is likely 
that a combination of factors contrib- 
utes to early wound dehiscence and 
implant extrusion, but placing an allo- 
plastic implant within an infected 
scleral pouch is probably the most 
important contributing cause. 

Wound infections are a significant 
cause of surgical morbidity. In 1964, 
the National Research Council pub- 
lished data on the surgical infection 
rates of five unwersity hospitals and 
demonstrated that the occurrence of 
wound infection was related to the 
degree of bacterial wound contamina- 
tion.” In this study, wound infection 
rates ranged from 3.3% in clean cases 
to 28.6% in infected cases. 

Delayed primery wound closure has 
been successful in reducing the inci- 
dence of wound infections.’ The 
advantages of the technique can be 
seen, if one compares the incidence of 
wound infection in patients managed 
with primary wound closure with that 
of those managed with delayed prima- 
ry wound closure. Such a study in 1979 
showed a twofold decrease in wound 
infection rates in contaminated cases 
and a fivefold decrease in infected 
cases.’ 

Delayed primary wound closure is 
not a new technique,'*"* nor is it unfa- 
miliar to ophthalmologists.’ The prin- 
cipal of delayed closure is sometimes 
used for managing ocular adnexal 
injuries. At times, it is necessary to 
delay repair of eyelid and lacrimal 
trauma to allow for optimal manage- 
ment of intraocular injuries. It is pos- 
sible to delay closure of extensive eye- 
lid defects following tumor excision 
for up to 48 hours without significant 
impact on the functional or cosmetic 
results.” Experience with delayed clo- 
sure in these situations led us to 
believe that delayed primary wound 
closure should work well in the clini- 
cal setting, where evisceration is 
required for management of patients 
with endophthalmitis. 

To our knowledge, delayed primary 
wound closure has not been studied in 
ocular or adnexal tissue. Our under- 
standing of wound healing with 
delayed primary wound closure comes 
from studies in the general surgery 
and general plastie surgery litera- 
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ture.’*'*!9 In skin and subcutaneous 
tissues managed with delayed prima- 
ry wound closure, the bacterial count 
of the wound is gradually reduced to 
less than 10° microorganisms per 
gram of tissue, the level below which 
wound infection is unlikely.” By the 
third day, granulation tissue is 
present. Granulation tissue has a nat- 
ural resistance to bacteria through a 
mechanism that is poorly understood. 
Fibroblasts present in the wound ini- 
tiate collagen synthesis. As the pack- 
ing is removed and the wound edges 
are approximated, wound healing pro- 
gresses rapidly. 

We have utilized the principle of 
delayed primary wound closure to 
manage three cases of endophthalmi- 
tis. In a fourth case, an eviscerated 
scleral shell that had been closed pri- 
marily over an alloplastic implant 
developed a wound dehiscence with 
extrusion of the implant. This was 
successfully managed by removing the 
implant, debriding the wound edges, 
and closing the wound over a smaller 
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implant. Care was taken to avoid ten- 
sion along the suture line. Other 
means are available to handle implant 
extrusions,” but we considered this to 
be a fortuitous case of delayed prima- 
ry wound closure, since the scleral 
pouch was open for a period of time 
before delayed closure was performed. 
Granulation tissue was observed 
along the wound margin and wound 
cultures taken at the time of defini- 
tive repair were negative. 

We have followed up all four 
patients postoperatively from 18 
months to five years. In the three 
patients who underwent unilateral 
evisceration, we have seen no evidence 
of intraocular inflammation in the 
remaining eye. The risk for developing 
sympathetic ophthalmia has been 
cited as a reason to avoid evisceration 
following trauma. The incidence of 
sympathetic ophthalmia following 
evisceration for endophthalmitis is 
low” and, to our knowledge, has 
never been reported in cases where 
evisceration was performed for en- 
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dogenous endophthalmitis. We believe 
the risk of a patient’s developing sym- 
pathetic ophthalmia is minimal, if the 
surgery is performed within ten days 
of injury, particularly if care is taken 
to remove as much uveal pigment as 
possible at the time of evisceration. 
Sympathetic ophthalmia has also 
been reported following enucleation of 
traumatized eyes and seems to offer 
little advantage over evisceration in 
the clinical setting of endophthalmi- 
tis. 

Dermal-fat implants can be used as 
an alternative source for volume aug- 
mentation following evisceration, but 
suppuration with necrosis and loss of 
the graft is likely if the avascular 
implant is placed in an infected or 
contaminated bed.” 

Delayed primary wound closure is a 
useful technique when evisceration is 
required for bacterial endophthalmi- 
tis. We hope the procedure will gain 
wider acceptance in future years. 
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New Instruments 





A New Multipurpose Goniolens 


Katsuyoshi Mune, MD 


è A newgoniolens, called the “‘trabec- 
ulens” provides *1.6 magnification and 
enhamced resolution of the trabecular 


meshwork by means of a new optical 
system that consists of a 30-diopter con- 
vex contact lens, hollow funnel, and four 


cover plate; B, hollow funnel; C, 62° mirror; 


and D, 30-diopter convex contact lens. 


The “rabeculens can also be used for 
laser trabeeuloplasty, with the addition of 
an incentor, and fer laser iridectomy, with 
the addition of a 20-diopter planoconvex 
button lens. 

(Arch Ophthalmol 1988;106:1309- 
1310; 


e original Goldmann three-mirror 
eontact lens and its subseqent 
modiaieationssconsist of a contact lens, 
mirrers, and a selid funnel of poly- 
methylmetťhaerylate polymer. The 
mirrers do net magnify the anterior 
chamber angie directly. New gonio- 
lenses™ that magnify the anterior 
chamber angie to allow the applica- 
tion of neodymium-YAG and argon 
laser energy adda convex button lens 
to the front surface of the lens. 
Usimg an optical system different 
from these-eonventional goniolenses, I 
previously desigmed a contact lens, 
callec the “eyclescope,” that con- 
sistec of a convex contact lens, a hol- 


Accented forypublication May 27, 1988. 

From the Hirano General Hospital and Gifu 
Rehab#itation Hospital, Gifushi, Japan. 

Reprint requests to Hirano General Hospital, Fig 2.—Anterior view of trabeculens (left) and reversed view of indentation trabeculens (right). 


176 Kureno, Gifushi, 501-11 Japan (Dr Mizuno). White hemispheric indentor is glued inside contact lens. 
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Fig 3.—Trabecular meshwork of young adult 
seen through indentation trabeculens, show- 
ing glass rod-like uveal meshwork. Where 
corneoscleral meshwork is depressed inward 
with indentor, angle of anterior chamber (in- 
side of slit beam) is much wider than that of 
other sides, not indented (outside of slit 
beam). 


low funnel, and an indentor. This lens 
magnified the ciliary processes di- 
rectly, which allowed photographs 
with increased magnification and 
enhanced resolution. I applied this 
same optical system to design a new 
goniolens, the trabeculens, which has 
a 30-diopter convex contact lens, a 
hollow funnel, and four mirrors at 
angles of 62° (Figs 1 and 2). This new 
goniolens produces a X1.6 magnifica- 
tion. When the trabecular meshwork 


1, March WF, Koss MC, Gherezghiher T: 
Design of new contact lens for YAG laser filter- 
ing procedures. Ophthalmic Surg 1985;16:328- 
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of, for example, a young adult is 
viewed through this new lens, the 
cordlike uveal meshwork, which is 
meridionally arranged, has the ap- 
pearance of fine glass rods (Fig 3). 
Although the inner surface of the 
corneoscleral meshwork can be visual- 
ized and has the appearance of sha- 
green, it cannot be photographed 
through the presently employed opti- 
cal system. 

The trabeculens allows the applica- 
tion of laser energy to the anterior 
segment, after the anterior surfaces 
of the contact lens and cover plate are 
treated with a high-efficiency, broad- 
band antireflective coating. 

To perform argon laser trabeculo- 
plasty, a small hemispheric indentor 2 
mm thick and 2 mm in diameter is 
bonded 2 mm inside the edge of the 
flange (Fig 2) to depress the corneo- 
scleral limbus inward. The view of the 
chamber angle is wider than that seen 
with the original trabeculens. Also, 
the indentor allows the inferior and 
the superior trabecular meshwork to 
be viewed in a nearly upright position 
as the lens is tilted (Fig 3). This 
indentation trabeculens decreases as- 
tigmatic spots of the aiming light of 
argon laser on the tissues, thereby 
decreasing the risk of peripheral ante- 
rior synechia postoperatively, when 
the laser energy is applied to the 
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pigmented portion of the trabecular 
meshwork. 

To perform laser iridectomy, a 20- 
diopter planoconvex lens is glued tem- 
porarily to the anterior surface of the 
cover plate of the trabeculens. This 
bond is achieved by creating surface 
tension using a very small amount 
of methylcellulose solution gently 
pressed between the surface of the 
two planes. The resulting optical 
system provides X3.2 magnification, 
which reduces the effective spot size 
of the aiming light from 50 to 17 um 
and increases the argon laser energy 
by a factor of 8.6. 

In addition, argon laser energy can 
be applied through the trabeculens to 
cut nylon suture threads placed in the 


surgical limbus or the cornea. Fur- _ 


thermore, through the optical system 
consisting of the trabeculens and the 
button lens, neodymium-YAG laser 
energy can be used to perform an 
anterior capsulotomy before planned 
extracapsular cataract extraction and 
can also be used to perform discission 
of residual lens remnants by concen- 
trating the laser energy. 


The trabeculens is available from Rainbow 
Contact Lens Co, 1-6-2 Hirakawacho, Chiyodaku, 
Tokyo, 101 Japan. The author has no commercial 
or proprietary interest in the product nor any 
financial interest as a consultant, reviewer, or 
evaluator of the product. 
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The Phaco-Flex” SI-I8NB from AMO 


5.0mm biconvex silicone optic. Polypropylene haptics. Built-in UV block. 
Minimal induced astigmatism. Minimal change in post-op cylinder. Rapid visual rehabilitation. 
The advantages of small incision with the confidence of PMMA. 


Investigational device. Limited by U.S. law to investigational use only. 


= AMO 


Allergan Medical Optics, A Subsidiary of Allergan, Inc. 
Irvine, CA 92718 © 1988 
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If this looks to you 
like a goose on roller skates, 
you could be going blind. 


No, there's nothing wrong with your vision. 

But there could be something wrong with your eyes. 

You could have an eye disease serious enough to blind 
you, and not even know it. The leading cause of blindness in 
adults, glaucoma, has no symptoms in early stages. 

There is no cure. But there is hope. 

You can stop glaucoma from advancing (and many 
other eye diseases from happening in the first place) by 
seeing an eye doctor at least every two years. 
Remember, no one can save your sight but you. 












National Society to Prevent Blindness 
Box 2020, Madison Square Station, New York, N Y. 10159 









“Of all the lasers that are presently available 
and with which I have experience, this 
laser far excels in almost every fashion. 
Purchase of an instrument without at least 


‘Tm writing to let you know how pleased I 
am with the Ophthalas Argon and Krypton 
Laser. The laser is a very well-designed 














and trouble-free machine. I especially like 


looking at this one is certainly going to be 





“I have had approximately one 
month of experience with the new 
Dye laser and I would like to 
congratulate you on a superior 
product. After initially adjusting 
the laser, it has performed flawlessly. 


“It has been a pleasure dealing 
with you and at this time I can 
unequivocably state that I am 
satisfied with the product” 
James A. Fountain, M.D. 
Indianapolis, Indiana 


the controls at my fingertips. Finally, l 
would like to commend your staff” 

J. Gregory Jones, M.D. 

Macon, Georgia 


a major mistake” 

James G. Diamond, M.D., F.A.CS. 

Professor and Director, Vitreo-Retinal Service 
School of Medicine, Tulane Medical Center, 


New Orleans, Louisiana 


“In my professional opinion, there is 
nothing comparable in price or quality to 
the Ophthalas laser. I wish that someone 
would produce automobiles with the same 
reliability as your company’s lasers” 

David Harvan, M.D. 

Manassas and Warrenton, Virginia 


“This note is to express our happiness with 
the Ophthalas laser that was installed in 
our office 32 years ago. It is to your 
company’s credit that we have had 
practically no service problems with the 
unit, and the few questions we had were 
promptly taken care of by your organization. 
It is unusual in this day and age to be 
treated in a personal and caring way” 


Mark Stein, M.D., F.A.C.S. 
Wantagh, New York 


The physicians quoted have no proprietary interest in Biophysic Medical 


“I have used Biophysic lasers and 
others at various locations over the 
past six years. The clinics which I 
service have purchased your Argon 
and Argon/Krypton Lasers in 
response to my recommendations. 
We have had reliable performance 
and excellent service response time. 


“It is a pleasure not to have the 
inconvenience of down time that was 
frequent with other manufacturers’ 
machines. I have no buyer’s remorse, 
and our new facility anticipates a 
Biophysic laser purchase in early 
1988” 

Coye T. Carver, M.D. 

Farmington Hills, Michigan 


x 


FAT DRINK, 
AND BE BURIED 





Go ahead. Live it up while you can. Eat anything and everything you want, from those processed meats to fatty dairy prod- 
ucts torthat extra measure of salt. But do it soon. Because poor eating habits can lead to high blood cholesterol, 

which can result in clogged arteries, a damaged heart, and an early death. The American Heart Association urges you 
to eat semsibly. Avoid food high in fat, salt and cholesterol. Avoid eating too much. It could keep you fram an early 
grave ard let you live it up a little longer. 


Ke 


f, American Heart Association WERE FIGHTING FOR YOUR LIFE 


This space provided as a public service 


























- 
I is blis 
enorance is bliss. 
‘Twou d mdeed recommend the 
phthalas Argon/Krypton laser to (Until you’ve experienced the best.) 
uny of my colleagues” 
onathan & Belmont, M.D At Biophysic Medical, our entire business is based on one belief: that 
ansdal+ Pennsylvania you deserve the best possible ophthalmic laser. That, given the choice, 
you'll choose quality and reliability over name recognition alone. 
" We stake our future on that premise. 


‘lvecently received your dye laser 
vith Hagg-Streit Slit Lamp Delivery 

Systems and am over-all very 

leasec. Pstudied the market and 
elt thar this was the best instrument. 
feel that my choice was well 


We're here just to equip ophthalmologists like yourself with the best 
there is. At the most reasonable price. 

As the number two ophthalmic laser manufacturer, our products have 
to be better. And they are. 


ewarcea@ Thank you for the fine 


‘ngineering job you have done on 
he dy sé? I am glad I waited? 
Javid eer, M.D 

ndianapolis, Indiana 





Thats why we're so proud of the letters we get from Biophysic 
laser users. 

What they've said is precisely what we've been saying. They recognize 
unfailing performance and reliability. They appreciate courteaus, efficient 
service. And they come back for more. 

So if you, too, would like to experience the bliss of buying only the 
best, call us today. 800-437-7400 or, in California, 415-680-2890. 


gg 


biophysic medical inc. 


When Only Quality Comes First 





OPHTHALAS® ARGON and/or KRYPTON * OPHTHALAS® SP ARGON * OPHTHALAS® DYE * NANOLAS® 15 Nd:YAG 


2440 Estand Wav. Pleasant Hill. CA 94523-3912 800-437-7400 In CA 415-680-2890 Telex S88108 BIOPHYSIC 
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Continuing Medical Education 


Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is updated 
monthly and provides an easy reference to continuing medical education (CME) courses. 
Accredited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities 
for inclusion in the list free of charge. Listings will be published for three consecutive 
months and should be received at least two months prior to date of course, eg, by Jan 1 to be 
included in the March, April, and May issues. A course held between. the Jirst and 14th 
days, inclusively, will appear in the preceding month’s issue. The listing cannot be 
published unless it contains the following information: title, location, date(s), sponsor(s), 
and contact address. Optional information includes CME category 1 hours of instruction, 
registration fee, and guest speakers, Listings should be typed double-spaced with 2-in left 
and right margins. Send submissions to Cinda Gislason, Archives of Ophthalmology, CME, 
1855 W Taylor St, Chicago, IL 60612. Readers are encouraged to contact the accredited 
sponsor for more detailed information. 


ARIZONA Ocular Drug Therapy Update 1988 At: Newport 


i Beach Date: 10/7/88 Hrs Instr: Pending Reg 
Advancements in Ophthalmic Plastic Surg Symp 





At: Scottsdale Dates: 1/19/89 to 1/21/89 Reg 
Fee: $425 prac phys, $200 residents & fellows 
Contact: Richard Henn, Maricopa Med Ctr, 
Box 5099, Phoenix 85010; (602)267-5414 


CALIFORNIA 


Controversies in Ophthalmol At: Los Angeles 
Dates: 11/17/88 to 11/18/88 Hrs Instr: 14 Reg 
Fee: $350 prac phys, $100 retired phys, resi- 
dents, fellows, techs, nurses Contact: Develop- 
ment & Public Affairs Office, Doheny Eye Inst, 
1355 San Pablo St, Los Angeles 90033; (213)224- 
7718 


DIAGNOSTIC OPHTHALMIC ULTRASOUND: INTRAOCULAR DISEASE 


University of Miami Faculty 


Sandra Frazier Byrne, Course Director 
George Blankenship, M.D. 
John Clarkson, M.D. 


Fee: $100 Conf Chairman: Irving Leopold, MD 
Contact: Gloria Cotto, Dept of Ophthalmol, 
Univ of California-Irvine Sch of Med, Irvine 
92715; (714)856-6257 


Comprehensive Course in Intraocular Lens 
Implantation & Phacoemulsification At: Santa 
Monica Dates: 10/13/88 to 10/15/88 Contact: 
Mary Martin, Found for Ophthalmic Ed, 2232 
Santa Monica Blvd, Santa Monica 90404: 
(213)829-4711 


COLORADO 


Sixth Ann Wilmer Inst Current Concepts in Oph- 
thalmol At: Vail, Colo Dates: 3/18/89 to 3/ 


THE BASCOM PALMER EYE INSTITUTE—UNIVERSITY OF MIAMI SCHOOL 
OF MEDICINE—DEPARTMENT OF OPHTHALMOLOGY 


presents a course entitled: 


November 3-5, 1988 


Retter Educational Center 
Bascom Palmer Eye Institute/ 
Anne Bates Leach Eye Hospital 

900 N.W. 17th Street 
Miami, FL 33136 


Cathy L. DiBernardo, R.N. 


Eileen K. Gendron 


J. Randall Hughes, B.S. 
Robert Lingua, M.D. 


Karl Olsen, M.D. 


Richard Parrish, M.D. 


Guest Faculty 
Ronald L. Green, M.D. 


Doheny Eye Center 
Los Angeles, California 


Karl Ossoinig, M.D. 
University of lowa 
Hospitals 

lowa City, lowa 


N 


25/89 Hrs Instr: 30 Reg Fee: $475 prac phys, 
$325 residents & fellows Contact: Prgm Coor- 
dinator, CME, The Johns Hopkins Med Inst, 
Turner 22, 720 Rutland Ave, Baltimore, MD 
21205; (301)955-2959 


DISTRICT OF COLUMBIA 


Ophthalmol Workshop for the Emergency Phys 
Date: 9/17/88 Contact: Margaret Lee, CME, 
Georgetown Univ Med Ctr, 3800 Reservoir Rd 
NW 20007; (202)687-8735 


FLORIDA 


Keratorefractive Surg, Cataract & Implant Surg, 
& Prac Ocular Plastic Surg At: Fort Lauder- 
dale Dates: 12/27/88 to 12/29/88 Contact: 
Marvin L, Kwitko, MD, 5591 Céte Des Neiges 
Rd, Montreal, Quebec, Canada H3T 1Y8; 
(514)735-1133 


Neuro-ophthalmol Course At: Key Biscayne 
Dates: 12/8/88 to 12/10/88 Hrs Instr: 10 Reg 
Fee: $325 prac phys, $100 residents & fellows 
Contact: Bascom Palmer Eye Inst, Box 015869, 
Miami 33101; (305)326-6099 


Diagnostic Ophthalmic Ultrasound: Intraocular 
Disease At: Miami Dates: 11/3/88 to 11/5/88 
Hrs Instr: 18 Reg Fee: $350 ($300 AAOSE 
members) Contact: Bascom Palmer Eye Inst, 
Box 015869, Miami 33101; (305)326-6099 


HAWAII 


Tenth Ann Royal Hawaiian Eye Mtg At: Kauai 
Dates: 1/14/89 to 1/21/89 Sponsor: Hawaiian 


(Continued on p 1318.) 




















given in the Retter Educational Center which is located in 
1 AMA credit. 
To register, please send check in the a 


This course and workshop, stressing the Standardized Echo 
supervise ophthalmic echography. Some of the featured topi 
differentiation and axial eye length measurements. Lecture 
special fee of $300 for members of AAOSE. Registration fe 
rate of $75 (single or double) has been obtained at the Bis 


cs will be: techniques for detecting, 
s will be augmented by patient de 
e includes: course materials; coffe 
cayne Bay Marriott Hotel, 1633 
the Bascom Palmer Eye Institute / 


graphy method, is designed for both ophthalmologists and ophthalmic ultrasound technologists who either perform or 
differentiating, and measuring lesions, pre-vitrectomy evaluation, intraocular tumor 
monstrations, videotapes and panel discussions. The registration fee is $350, with a 
e breaks; lunch; and a reception on Thursday evening, November 3, 1988. A special 
North Bayshore Drive, Miami, Florida 33132. Telephone: 305/374-3900. Lectures will be 
Anne Bates Leach Eye Hospital. The course has been approved for 18 hours of Category 


ppropriate amount payable to: “Continuing Education in Ophthalmology, Inc.” and mail to: Bascom Palmer Eye Institute, P.O. Box 015869, 
Miami, Florida 33101. Telephone: 305/326-6099. Hotel reservations should be made directly with the Biscayne Bay Marriott, specifying this course. 







































The Wilmer Institute 
The Johns Hopkins Medical Institutions 


Current Concepts in Ophthalmology 


An Update On Refractive Corneal Surgery (RKs and Epigrafts), IOLs, Lasers, Glaucoma, Strabismus. 
Retinal Diseases, And Other Recent Developments 










DAT=S AND LOCATIONS 





1st Annual Meeting 
December 8 - 10, 1988 


Course Directors 
Weiter J. Stark, M.D. 
Ronalc G. Michels, M.D. 


Faculty 

Stuart L. Fine, M.D. 

W. Richard Green, M.D. 
David L. Guyton, M.D. 

A. Edward Maumenee, M.D. 
Irene H. Maumenee, M.D. 
Neil R. Miller, M.D. 

Arnall Patz, M.D. 

Irvin P. Pollack, M.D. 

Harry A. Quigley, M.D. 
Alfred Sommer, M.D. 
Robert B. Welch, M.D. 

and the entire Wilmer Institute Faculty 


Special Guest Lecturers 
Dan B. Jones, M.D. 

Baylor College of Medicine 
Hunter R. Stokes, M.D. 
University of South Carolina 
Credits: AMA Category | 


Registration Fee: $250, $200 (those in training) 







BALTIMORE, MARYLAND 
December 8-10, 1988 




































DORADO, PUERTO RICO 
February 19-26, 1989 














VAIL. COLORADO 
March 18-25, 1989 






DORADO, PUERTO RICON 


1tth Annua! Meeting 
Februay 19 - 26, 1989 


Course Cirectors 




















VAIL, COLORADO 


6th Annual Meeting 
March 18 - 25, 1989 


(corresponds with spring break for many schools) 
Course Directors 


Walter J. Stark, M.D. 

ee Welter J. Stark, M.D. 
Ranald Œ Michels, M.D. Ronald G. Michels, M.D. 
Faculty Faculty 


Dan B. Jenes, M.D. 

Arnall Paz, M.D. 

Norman S. Jaffe, M.D. 
Stephen à. Obstbaum, M.D. 
Neil R. Miller, M.D. 

David L. Suyton, M.D. oe 
John D. Gottsch, M.D. YO 
Carl V. Migliazzo, M.D. 
David A. “archer 

Dee RepbBgle 

Others to be Announced 


Credits: 30 AMA Category | 

Registration Fee: $475, $325 (those in training) 
plus a ‘Management of Business Assets”’ 
seminar or spouses 


Arnall Patz, M.D. 

Harry A. Quigley, M.D. 
David L. Guyton, M.D. 
Stuart L. Fine, M.D. 
Dunbar Hoskins, M.D. 
George Waring Ill, M.D. 
Robert M. Sinskey, M.D. 
Ronald E. Smith, M.D. 

Neil R. Miller, M.D. 

John D. Gottsch, M.D. 

Dee Replogle 

Others to be Announced 
Credits: 30 AMA Category | 
Registration Fee: $475, $325 (those is training) 
plus a ‘‘Management of Business Assets’”’ 
seminar for spouses 





Information: Office of Continuing Education, The Johns Hopkins Medical Institutions, 
Turner 22, 720 Rutland Avenue, Baltimore, Maryland 21205, (301) 955-2959 
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Eye Found Contact: RHEM ’89, Mary Charles 
& Associates, 2334 S King St, Suite 205, Hono- 
lulu 96826; (808)942-9655 


ILLINOIS 


Cornea, Cataract, & Lasers °88 At: Chicago 
Date: 9/17/88 Sponsor: The Univ of Chicago 
Sch of Med Contact: Ctr for CME, The Univ of 
Chicago, 5841 Maryland Ave, Box 139, Chicago 
60637; (312)702-1056 


Glaucoma Management for the 90s At: Chicago 
Dates: 11/4/88 to 11/5/88 Sponsor: Dept of 
Ophthalmol, Univ of Illinois at Chicago Coll of 
Med Contact: Sue Talbert, UIC Conf & Inst, 
M/C 607, 912 S Wood St, Chicago 60612; 
(312)996-4631 


Phacoemulsification Workshop At: Chicago 
Date: 11/5/88 Sponsor: Dept of Ophthalmol, 
Univ of Illinois at Chicago Coll of Med Con- 
tact: Sue Talbert, UIC Conf & Inst, M/C 607, 
912 S Wood St, Chicago 60612; (312)996-4631 


MARYLAND 


Diabetic Retinopathy in 1988 At: Baltimore 
Date: 9/23/88 Hrs Instr: 8.5 Reg Fee: $200, $100 
for those in training Sponsor: The Retinal 
Vascular Ctr of The Wilmer Inst Course Dir: 
Robert P. Murphy, MD Contact: Office of 
CME, The Johns Hopkins Med Inst, Turner 22, 
720 Rutland Ave, Baltimore 21205; (301)955- 
2959 


Fourth Ann Univ of Maryland Contact Lens 
Symp At: Baltimore Dates: 10/27/88 to 10/ 
29/88 Contact: Prgm of CME, Univ of Mary- 
land Sch of Med, 10S Pine St, Baltimore 21201; 
(301)328-3956 


MARICOPA MEDICAL CENTER 
DEPARTMENT OF OPHTHALMOLOGY 


PRESENTS 


ADVANCEMENTS IN 
OPHTHALMIC PLASTIC SURGERY 


SYMPOSIUM 


JANUARY 19, 20, 21, 1989 
AT 


THE PHOENICIAN 


GOLF AND TENNIS RESORT, SCOTTSDALE, ARIZONA 


NATIONALLY KNOWN FACULTY 
WILL DISCUSS STATE-OF-THE-ART 
PATIENT MANAGEMENT ON TOPICS 
SUCH AS: 

* Orbital Tumors and Diseases 

+ Enucleation and the Anophthalmic Socket 
* Nasolacrimal Duct Obstruction 
«Blepharoplasty 

+ Eyelid Reconstruction 

*Ptosis 


FOR FURTHER INFORMATION, 
CONTACT: 

Mr. Richard Henn 

Maricopa Medical Center FEE: 
P.O. Box 5099 « Phoenix, Arizona 85010 
(602) 267-5414 CONF! 


FACULTY: 


* Steven M. Gilbard, M.D., Phoenix, 
Arizona, Program Chairman 
- Stephen P. Beals, M.D., Phoenix, Arizona 
«John Hodak, M.D., Phoenix, Arizona 
- Charles R. Leone, Jr., M.D., 
San Antonio, Texas 
«Richard D. Lisman, M.D., 
New York, New York 
* Thomas C. Naugle, Jr., M.D., 
New Orleans, Louisiana 
+ Jay Justin Older, M.D., Tampa, Florida 
* Byron C. Smith, M.D., New York, New York 


Attending Physicians 
Residents, Fellows 


Management of Complicated Retinal Detach- 
ments At: Baltimore Date: 11/4/88 Hrs Instr: 
Available Ref Fee: $175 prac phys, $90 resi- 
dents & fellows Contact: Prog Coord, Office of 
CME, The Johns Hopkins Med Inst, Turner 22, 
720 Rutland Ave, Baltimore 21205; (301)955- 
2959 


First Ann Wilmer Inst Current Concepts in Oph- 
thalmol At: Baltimore Dates: 12/8/88 to 12/ 
10/88 Hrs Instr: Available Reg Fee: $250 prac 
phys, $200 residents & fellows Contact: Prgm 
Coordinator, CME, The Johns Hopkins Med 
Inst, Turner 22, 720 Rutland Ave, Baltimore 
21205; (301)955-2959 


MASSACHUSETTS 


Laser Therapy of Ocular Disease: Current 
Approaches & Future Technology At: Boston 
Dates: 9/17/88 to 9/18/88 Sponsors: Massa- 
chusetts Eye & Ear Infirmary, Harvard Med 
Sch Contact: Dept of CME, Harvard Med Sch, 
Boston 02115; (617)732-1525 


External Regulation & Risk Management At: 
Boston Date: 10/22/88 Contact: Harvard Med 
School, Dept of CME, Boston 02115; (617)732- 
1525 


Neurology of the Anterior Visual Pathway At: 
Boston Date: 12/17/88 Contact: Harvard Med 
School, Dept of CME, Boston 02115; (617)732- 
1525 


MINNESOTA 


Twelfth Ann Current Trends in Ophthalmol At: 
Minneapolis Date: 11/19/88 Contact: Susan 
Allen, Phillips Eye Inst, Metropolitan-Mount 
Sinai Med Ctr, 2215 Park Ave S, Minneapolis 
55404; (612)872-5308 


G 


NEVADA 


Ann Mtg of the Am Coll of Veterinary Ophthalmol 
(ACVO) At: Las Vegas Dates: 10/6/88 to 10/ 


8/88 Contact: Thomas J. Kern, ACVO Prgm œ 


Chairman, 420 Veterinary Res Tower, New 
York State Coll of Veterinary Med, Cornell 
Univ, Ithaca, NY 14853; (607)253-3029 


Nineteenth Ann Scientific Symp: Am Soc of 
Ophthalmic Plastic & Reconstructive Surg At: 
Las Vegas Date: 10/7/88 Contact: Daniel L. 
McLachlan, 122 S Michigan Ave, Suite 1427, 
Chicago, IL 60603; (312)572-1515 


NEW YORK 


Ophthalmol Sem At: New York Dates: 9/17/88 to 
9/18/88 Contact: Martha Klapp, Manhattan 
Eye, Ear, & Throat Hosp, 210 E 64th St, New 
York 10021; (212)605-3762 


Aesthetic Oculoplastic Surg: Current Concepts 
At: New York Dates: 11/3/88 to 11/5/88 Reg 
Fee: $750 prac phys, $375 residents Contact: 
Francine Leinhardt, Course Coordinator, Man- 
hattan Eye, Ear & Throat Hosp, 210 E 64th St, 
New York 10021; (212)838-9200, ext 2776 


1988 Glover-Lisman Professorship At: New 
York Dates: 11/10/88 to 11/12/88 Guest 
Speaker: Simmons Lessell, MD Contact: Mar- 
tha Klapp, Manhattan Eye, Ear, & Throat 
Hosp, 210 E 64th St, New York 10021; (212)605- 
3762 


NORTH CAROLINA 


Univ of North Carolina Ophthalmol Residents’ 
Day At: Chapel Hill Date: 12/3/88 Contact: 
Baird S. Grimson, MD, Dept of Ophthalmol, 
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UNIVERSITY OF 


MARYLAND 


CONTACT LENS 


Symposia 
October 27-29,1988 
at The Hyatt Regency Baltimore, Maryland 


Barry M. Weiner, O.D., Course Director 


Lens Wearer 


Astigmatic Eye 


Spectacle Correction of the 


MICHAEL Di PAOLIS, O.D. 
Rigid Gas Permeable Extended Wear Wear 
Contact Lens Correction of Surgically SHELDON WESCHLER, O.D. 
Induced Astigmatism 


FACULTY AND TOPICS 
JAMES AQUAVELLA, M.D. 
Surgical Correction of Astigmatism 
Refractive Surgery Update 
JOHN CARTER, O.D.,Ph.D. 
Systemic Medications & the Contact 


ROGER KAME, O.D. 
Contact Lens Correction of the 
Irregular Cornea 
Toric Riaid Lens Correction of the 
Astiamatic Eye 

RAMESH TRIPATHI, M.D, 
Contact Lens Spoilage: Etiology & 
Management 
Microbial Adhesion in Contact Lens 


Soft Lens Extended Wear 
Toric Soft Lenses 


PROGRAM OF CONTINUING EDUCATION 


University of Maryland, School of Medicine 


10 South Pine Street, Baltimore, Maryland 21201 


(301) 328-3956 
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Doheny Eye Institute 


20th Annual Doheny Meeting 


= 





“Controversies in Ophthalmology” 





Date: 


November 17, 18, 1988 





Course Director: 


Ronald E. Smith, M.D. 





Guest Faculty: 


Alan C. Bird, M.D., ER.C.S. 
London, England 


Ronald M. Burde, M.D. 
New York, N.Y. 


Mitchell H. Friedlaender. M.D. 
San Diego, CA 

Paul R. Lichter, M.D. 

Ann Arbor, MI 


Allan E. Kreiger, M.D. 
Los Angeles, CA 
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Doheny Eye Institute Faculty: 


George Baerveldt, M.D. 
Steven E. Feldon, M.D. 
Donald A. Frambach, M.D. 
George T. Frangieh, M.D. 
Ronald Green, M.D. 

Dale K. Heuer, M.D. 


John A. Irvine, M.D. 
John S. Lean, M.D. 

Peter E. Liggett, M.D. 
James T. Martone, M.D. 
Jan McDonnell, M.D. 
Peter J. McDonnell, M.D. 
A. Linn Murphree, M.D. 
Narsing A. Rao, M.D. 
Stephen J. Ryan M.D. 
Alfredo A. Sadun, M.D., Ph.D. 
James Salz, M.D. 

Ronald E. Smith, M.D. 
Kenneth W. Wright, M.D. 





Course Content: 


The 20th Annual Doheny Meeting will 
provide an update on controversies in 
ophthalmology today. Clinically oriented 
discussion of current topics will include 
anterior segment and posterior segment 
problems. Special attention will be given 


to surgical aspects of cataract and 
refractive problems, including radial 
keratotomy, epikeratophakia, and new 
intraocular lens styles and surgical 
techniques. Treatment of diabetic 
retinopathy, AlDS-related macular degen- 
eration, glaucoma, strabismus, congenital 
cataracts, and eye trauma will be 
discussed. Courses for ophthalmic tech- 
nicians and nurses will be held in 
conjunction with this Doheny Meeting. 


aaa 


Special Guest Faculty: 


Irvine Lecture: 
“Indications for Medical and 
Surgical Intervention in Pri- 


Paul R. Lichter, M.D. 


Doheny Lecture: 
“Water Movement by Retinal Society Lecture: 
Pigment Epithelium: Its 
mary Open Angle Glaucoma” Clinical Significance” 

Alan C. Bird, M.D., ER.C.S. Ronald M. Burde, M.D. 


Los Angeles Ophthalmology 


“Thyroid Eye Disease — 
A Chameleon” 


ee eS 


Registration Information: 


Credits: 
14 AMA/CMA Credit Hours — Category | 
14 JCAHPO Credit Hours 
14 BRN Credit Hours; 
Provider Number 06342 


Dou o o Ce eee ke 


Practicing Ophthalmologists: $350 
Retired Physicians: $100 
Ophthalmology Residents & Fellows: $100 
Ophthalmic Technicians: $100 
Nurses: $100 
Location: 


Doheny Eye Institute, 1355 San Pablo Street, Los Angeles, California 90033 


Jis o a O oa a re Ae ee 


Information on this course and other 
Continuing Medical Education courses; 
please write to the Development and 


Public Affairs Office at the above address, 
or telephone 213/224-7718. 
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CB 7040, 617 Clin Sci Bldg, Univ of North 
Carolina, Chapel Hill 27599-7040; (919)966- 
5296 


OHIO 


Third Ann Tilles-Weidenthal Lecture At: Cleve- 
land Date: 9/24/88 Hrs Instr: 3 Reg Fee: None 
Contact: Anne Billington, Div of Ophthalmol, 
St Luke’s Hosp, 11311 Shaker Blvd, Cleveland 
44118; (216)368-7146 


Endocapsular Cataract Extraction With Intra- 
ocular Lens Implantation Symp At: Cleveland 
Dates: 9/30/88 to 10/1/88 Sponsors: Case 
Western Reserve Univ, Wright Surg Ctr of the 
Univ Suburban Health Ctr, Pharmacia-Inter- 
medics Course Director: Edwin H. Eigner, MD 
Contact: Joan McGeary, EENT Associates Inc, 
1611 S Green Rd, Suite 140, South Euclid 44121; 
(216)291-3550 


PENNSYLVANIA 


Seventh Biennial Cornea Conf: A Prac Approach 
to Corneal & External Diseases At: Philadel- 
phia Dates: 11/4/88 to 11/5/88 Hrs Instr: 11 
Sponsor: Wills Eye Hospital Contact: Lucia 
M. Manes, Conf Coordinator, Dept of CME, 
Wills Eye Hospital, Ninth & Walnut Sts, Phil- 
adelphia 19107; (215)928-3378 


TEXAS 


Welsh Cataract Congress 1988 At: Houston 
Dates: 11/17/88 to 11/19/88 Contact: Eula 
Mae Childs, Cullen Eye Inst, Baylor Coll of 
Med, 6501 Fannin (NC200), Houston 77030; 
(713)799-5941 





12th Annual 


Current Trends in 
Ophthalmology Symposium 


Jerry L. Kobrin, M.D., Course Director 
Saturday, November 19, 1988 


Faculty: 


David J. Apple, M.D., Charleston, South Carolina 


l » Phillips Eye Institute 


WASHINGTON 


Clin Cornea-Retina Conf At: Seattle Date: 9/ 
24/88 Hrs Instr: 7 Reg Fee: $95 Sponsor: 
Virginia Mason Clin Guest Speakers: Richard 
Thoft, Robert Watzke Contact: Linda Orgel, 
1100 Ninth Ave, Seattle 98101; (206)223-6898 


WEST VIRGINIA 


Ninth Ann Ophthalmol Conf At: Morgantown 
Dates: 10/14/88 to 10/15/88 Guest Speaker: 
Paul R. Lichter Contact: Dept of Ophthalmol, 
West Virginia Univ Sch of Med, Morgantown 
26505; (304)293-3757 


Office Practice in Ophthalmol At: White Sulphur 
Springs Dates 10/21/88 to 10/22/88 Contact: 
CME, Georgetown Univ Med Ctr, 3800 Reser- 
voir Rd NW, Washington, DC; (202)687-8735 


WISCONSIN 


Current Concepts in Ophthalmol At: Milwaukee 
Date: 11/4/88 Contact: Linda Terry, The Eye 
Inst, 8700 W Wisconsin Ave, Milwaukee 53226; 
(414)257-5102 


FOREIGN 


Fifth Internat! Retinitis Pigmentosa Congress 
At: Melbourne Dates: 11/4/88 to 11/7/88 Con- 
tact: RP Congress Office, Australia, 46A Oxley 
Rd, Hawthorne, Victoria 3122, Australia: 
(03)819-6590 


Thirteenth Ann Pediatric Ophthalmol Day At: 
Montreal Date: 10/21/88 Guest Speakers: 
David H. Abramson, Brenda Gallie Contact: 
Jean Milot, Dept of Ophthalmol, Hôpital 
Sainte-Justine, 3175 Côte Sainte-Catherine, 
Montreal, Quebec, Canada PQ H3T 1C5; 
(514)345-4931 


Age: 





49-49 














Screening Mamm 
= Guidelines 
Women with No Symptoms 


Neuro-ophthalmol Symp At: Ottawa Dates: 9/ 
16/88 to 9/17/88 Hrs Instr: 15 Reg Fee: None 
Contact: Karen Reddie, Symp Coordinator, 267 
O’Connor St, Ottawa, Ontario, Canada K2P 
1V3; (613)232-8689 


Adv Course in Ophthalmol At: Bristol, England 
Date: 10/88 (one year full-time) Objective: 
Preparation for DO or FRCS, or MSc conver- 
sion Contact: J. Galsworthy, Dept of Ophthal- 
mol, Bristol Eye Hosp, Lower Maudlin Street, 
Bristol, England BS1 2LX 


Clin Ophthalmol Symp At: Hong Kong Dates: 
12/2/88 to 12/4/88 Contact: Patrick C P Ho, 
c/o Secretariat Office, Room 810-814 Wing On 
Plaza, 62 Mody Rd, Tsimshatsui E, Kowloon, 
Hong Kong, Telex: 45861 PDT HX; Fax: 852- 
3-695687 


Internat! Congress on Ocular Trauma (Anterior, 
Posterior, & External Segments) At: Tel-Aviv, 
Israel Dates: 2/19/89 to 2/24/89 Co-Chairper- 
sons: G. Treister (Israel), B. Glaser (USA) 
Contact: The Secretariat, Internatl Congress 
on Ocular Trauma, Box 50006, Tel-Aviv 61500, 
Israel; (03)654571 


Puerto Rico Ophthalmol Soc Ann Ophthalmol 
Convention At: San Juan Dates: 11/10/88 to 
11/13/88 Hrs Instr: 15 Contact: Victor M Diaz 
Bonnet, MD, Box 1184, Hato Rey, Puerto Rico 
00919; (809)765-9470 


Eleventh Ann Wilmer Inst Current Concepts in 
Ophthalmol At: Dorado, Puerto Rico Dates: 
2/19/89 to 2/26/89 Hrs Instr: 30 Reg Fee: $475 
prac phys, $325 residents & fellows Contact: 
Prgm Coordinator, CME, The Johns Hopkins 
Med Inst, Turner 22, 720 Rutland Ave, Balti- 
more, MD 21205; (301)955-2959 


aeh 


35-39 Baseine 
; Every 1-2 yaara 
> S$0&up Every year 


What will you tell her about 
screening mammography? 


Many of your patients will hear about screening mam- 








Jay L. Federman, M.D., Philadelphia, Pennsylvania 
Allan D. Jensen, M.D., Baltimore, Maryland 
David W. Vastine, M.D., San Francisco, California 


Continuing Medical Education Course 


For further information: 


Phillips Eye Institute 
Metropolitan-Mount Sinai Medical Center 
2215 Park Avenue South 
Minneapolis, MN 55404 
(612) 872-5308 









mography through a program launched by the American 
Cancer Society and the American College of Radiology, and 
they may come to you with questions. What will you tell them? 

We hope you'll encourage them to have a screening 
mammogram, because that, along with your regular breast 
examinations and their monthly self examinations, offers the 
best chance of early detection of breast cancer, a disease which 
will strike one woman in 10. 

If you have questions about breast cancer detection for 
asymptomatic women, please contact us. 


AMERICAN Prolessional Education Dept 
CANCER National Headquarters aC 
SOCIETY- 90 Park Avenue 
New York, New York 10016 
or your local society 


American 1891 Preston White Dr 
College of Reston, Virginia 22091 
Radiology (703) 648-8900 
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Preservative-free 
-dry eye treatment 
-- has come full circle. 


< free Refresh™ Artificial 
' Tears leaves off, new, 
preservative-free 
Refresh™ P. M. -Eye 
Lubricant begins, 
maintaining safe, 
comfortable protection 
throughout ké night. 
In a 3.5 g, petrolatum- jig 
based ointment, Me CoP an | 
Refresh P.M::rounds out AR 
the orily preservative- ma 
free regimen for dry, 
irritated eyes. 


New! Preservative-free 
‘Refresh PM. 


-Where war 


Allergan Pharmaceuticals, A Division of Allergan. Inc, AIIERCAN® 
Irvine, CA 92713 -©1987 Allergan, Inc. nh 





Doctor - THE LATEST PUBLICATION IN 
ee IS JUST OFF THE PRESS! 


ea ——— 
—_ =} “NEURO - OPHTHALMOLOGY —— 


= __ ENTERS THE NINETIES!” SS 


P | LEI. | 


Raananah S. Katz, M. 


es! 


AUTHORS include: 


Bienfang, Borodic, Breinin, Buckley, Glaser, Hoffman, C. Hoyt, 
Jacobson, Katz, Kline, Lubow, Magargal, Materson, Newman, Packer, 
Purvin, Sanborn, Selhorst, Sheldon, Smith, Spoor, Tang, Trobe, 
Walsh, Wirtschafter — and many more! 


TOPICS include: 

Lyme/Aids/Syphilis, Brain Fungal Infections, Papillophlebitis, RP, 

MRI, Surgery for Craniopharyngioma, Craniofacial Dysmorphism, 

Osseous Reconstruction after Orbital Tumors, CAV Sinus Disease, 
Chemotherapy of Chiasm Gliomas, Nystagmus Rx, Botulinum/ 

Blepharospasm, Cystinosis, Dural AVMS, Congenital Nystagmus, Hypertension 


Update, Albinism Gems — and much, much more! 4 





This book has a soft cover to help keep the cost down, so you won't 
have gem deprivation waves wafting over you! CAN YOU BELIEVE THE PRICE IS 
ONLY $34.95 2??? 

Don't procrastinate! Rush your check for $34.95 (Florida residents add 6% sales 
tax) now. POSTAGE PAID in USA and CANADA. FOREIGN POSTAGE add $5. 
THANK YOU! 


Order from: 


p 


NEURO-OPHTHALMOLOGY TAPES 
9820 SW 62 COURT 


MIAMI, FLA. 33156 USA 





THE BEST 
KEEPS GETTING 


BIGGER 


NO ONE SELLS MORE... 


PORTLAND * NEW YORK CITY 


* RUTHERFORD 


AE WASHINGTON. D.C. 
SACRAMENTO K NORFOLK 


LOS ANGELES *x 


SANDIEGO * 
K DALLAS 


SAN ANTONIO $r K HousTON 


LOMBART INSTRUMENT WEST 
8626 Commerce Avenue 

Sam Diego, California $2121-2613 
61578-2020 


800-537-2020 
LOMBART INSTRUMENT SOUTHWEST | <€ 
80T Avenue K 


Plano, Texas 75074-8503 


212-881-8303 

ae LOMBART 
BA INSTRUMENT NORTHEAST 

mo Eola INSTRUMENT 


Rufherford, New Jersey 07070 3335 Croft Street Norfdlk, Virginia 23513 
20438-3933 201-387-0764 804-853-8888 


800-223-3937 800-446-8092 





ENCOURAGE COMPLIANCE. 
PILAGAN™ WITH C CAP” 
COMPLIANCE CAP 


e Tracks next dose to be taken, 
* Provides a means for others to monitor compliance. 
e Minimizes confusion for patients on multidose 


GENERAL 
OPHTHALMOLOGIST 


to join expanding eye department | 
at the multispecialty Kaiser Perma- 


therapy or multiple medications, and nente Medical Center, a prepaid 


e Offers the cooling, soothing effects of Liquifilm® HMO, at Roseville (Sacramento), 
(1.4% polyvinyl alcohol) CA. Competitive salary and gener- 


PILAGAN “(pilocarpine tigate) 


Liquifilm® sterile ophthalmic solution wi 
C CAP™ Compliance Cap Q.I.D. 
15 mL 


ous benefit package offered. The 
eye department consists of 9 
M.D.’s with subspecialties in cor- | 
nea, neuro-ophthalmology and reti- 


INDICATIONS AND USAGE: Pilagan Liquifilm is indicated for: 1) The control of intra- na, and 16 O.D.’s. Fully equipped 
ocular pressure in glaucoma. 2) Emergency relief of mydriasis in an acutely glauco- 


matous situation. 3) To reverse mydriasis caused by cycloplegic agents. i j ici 
CONTRAINDICATIONS: Pilagan Liquifilm is contraindicated in persons showing offices with excellent technician 


hypersensitivity to any of its components. WARNINGS: Pilocarpine is readily absorbed support. 
systemically through the conjunctiva. Excessive application yet may elicit 
systemic sea A papra in some individuals. PRECAUTIONS: General: Pilocarpine 
has been reported to elicit retinal detachment in individuals with pre-existing retinal 
disease or predisposed to retinal tears. Fundus examination is advised for all patients à 
prior to initiation of pilocarpine therapy. Carcinogenesis, mutagenesis and Impalr- Send CV to: 
ment of fertility: No studies have been conducted in animals or in humans to evaluate 
the potential of these affocis. Pregnancy Category C: Animal reproduction studies Carolyn Whelan 
ave not been conducted with pilocarpine. It is also not known whether pilocarpine . 
can cause fetal harm when administered to a pregnant woman or can affect reproduc- The Permanente Medical Group, 
tion capacity. Pilocarpine should be given to a pregnant woman only if clearly needed. 
Pediatric Use: Safety and effectiveness in children have not been established. ADVERSE Inc. 
REACTIONS: Adverse reactions associated with topical pilocarpine therapy include: 
visual blurring due to miosis and accommodative spasm, poor dark adaptation caused 2025 Morse Avenue 


by the failure of the pupil to dilate in reduced illumination, and conjunctival hyper- 
emia. Miotics have been reported to cause lens opacities in susceptible individuals Sacramento, CA 95825 
after prolonged use. Systemic reactions following topical use of pilocarpine are rare. 


= ALLERGAN PHARMACEUTICALS 
— csp of Allergan, Inc., Irvine, CA 92713 


INDEX TO ADVERTISERS 


Alcon Laboratories Lombart Instrument 
Allergan Medical Optics 
Allergan Pharmaceuticals, Inc. ............ 1152-1154, 1158-1160, Marco Egquibmónt, Inb. assisia a 1295 
1179-1180, 1298-1300, 1321, 1324, Cover 4 Maricopa Medical Center 
Merck Sharp & Dohme, 
Bascom Palmer Eye Institute __ Division of Merck & Company 
Biophysic Medical 1314-1315 Midwest Eye Institute of Kansas City 
Bio Rad 1157, 1161 


Christian Blind Mission International 
CooperVision CILCO 


woneny Eye Foindaben Permanente Medical Group, Ine. ............ccccssseeseeeeees 1178, 1324 


Philips Eye Institute 
ey TG Rc ae ee Pee EET AA 1146 


Spectra Pharmaceutical Services, Inc. ........000.00000500000000000° 1172 
Fisons Corporation Daniel Stern And Associates 


Geisinger Medical Group-Lewiston Topcon Instrument Corporation 
of American 


Health First Medical Group 


HGM Medical Laser Systems, Ine. .........:csseesseesseeene 1296-1297 University of Connecticut 


University of Maryland 
University of Pennsylvania 
Indiana University University of Wisconsin 
IOLAB Corporation 

IOLAB Pharmaceuticals Vistakon 


Johns Hopkins Medical Institutions Wayne State University 


While every precaution is taken to ensure accuracy, we cannot guarantee against the possibility of an 
occasional change or omission in the preparation of this index. 
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Leadership i in Optic Design, Innovation, 
and oT ..IOLAB. 


3 has demonstrated its worldwide ` 1987 The natural symmetry of a 


Jeodership in optic design and innovation Eiconvex Optic was intro- 
‘yea ar after year. duced in in a wide os of lens designs. 


The UV3LOC™ Plus optic 
was introduced. It is the 

“ony Class | UV abscrbing material 
“available. UVBLOC™ bonded UV lenses 
_are the worldwide leader in total UV 

| 1OLs implanted. 

Pa 

A 


The ongoing IOLAB commitment is to 
The revolutionary ae : continue improvingyyour patients’ vision 
Acume'd™ and Acucut™ | and enhancing your surgical techniques 
E as we continue to pioneer innovative 


ring processes allowed inani 
IOLAE to offer a new quality standard for | optic and IOL design. 


one-piece lenses. We also introduced 
L.O.Z™ Large Optic Lenses...including 
7.0mm optics, nc-hole optics and optics 
with partial depth positioning holes 
PD.H™ These poms were all designed 


Past, present and future... 
Optic Innovation and Leadership 
Continue at IOLAB. 


BER ce ere Ret 


A a ae 
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$ Ae aly 
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P brs ANTY 
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sila 


fo provide a larger clear EEE zone. to . INTRAOCULAR 
IOLAB offers you more L.O. Z™ style IOLs Bere. a fohmonafohmon company 
than any other manufacturer. - 500 lolab Drive, Claremont, CA 91711 
2, ‘ Telephone: 714/624- 2020 
. Customer Service-Bll Free 800/255 - 2500 


CAUTION: \nvestieatiomal Device. Limited by 
Feder Law to investigational use 


CAUTION: Federa Law restricts this device to 


Products protected under one or n of the following fisted ng l 
patents andoerUnited Stales antitoreign patents: RE31,626 en ; sale by or cn order ofa physician. 


4244 060; 4.092 43: 4.298 594 4 523 311 4.601.720: 4.601.721 
4624 670 À 

. 2 : Prior to use. please refer “0 thenroduct information package 
© |OLAB 198) insert for indications, cau. ons, wamings and precautions 








Portrait of Noncompliar. 


“Did | take my eye drops this morning ! 
Or, was that yesterday?” 





When multiple-drug regimens 
create multiple-drug problems, you 
can help make sure compliance isn't 
among them. | 

Prescribe the only pilocarpine with, 
the compliance-encouraging “C Cap” 
advantage—Pilagan™ with C Cap™ 
Compliance Cap. 

ONLY PILAGAN™ WITHC CAP 
ENCOURAGES PROPER COM- 
PLIANCE BY: 

- Tracking the next dose to be taken, 

- Providing a means for others to 
monitor compliance, 

- Minimizing confusion for patients 
on multidose therapy or multiple 
medications, and 

- Offering the cooling, soothing | 
effects of Liquifilm® (14% polyvinyl 
alcohol). 


Please see adjacent page for brief. 
summary of prescribing informa m. 








e ™ 
«=. x»  Pilagan 
WO eee eS g . . 
Pilagar (pilocarpine nitrate) 
eet Liquifilm® sterile ophthalmic 
T Cap solution with 


w Cop 


Compliance Cap Q.I.D. 
15 mL 


S: Pllagan wih C p 
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Optic Nerve Sheath Decompression J. L. Keltner 
Centenary Celebration of Fick’s Eine Contactbrille N. Efron, R M. Pearson 
Optic Nerve Sheath Decompression for Pseudotumor Cerebri N. B. Brourman, 


T. C. Spoor, J. M. Ramocki 


Modified Optic Nerve Sheath Decompression Provides Long-term Visual Improvement 


for Pseudotumor Cerebri R. C. Sergott, P. J. Savino, T. M. Bosley 

Results of Optic Nerve Sheath Fenestration for Pseudotumor Cerebri d. J. Corbett, 

J. A. Nerad, D. T. Tse, R. L. Anderson 

Destructive Cysts of the Maxillary Sinus Affecting the Orbit S. A. Kaltreider, 

R. K. Dortzbach 

Orbital Metastases From Prostate Carcinoma H. C. Boldt, J. A. Nerad 

Hemangiomalike Masses of the Retina P. A. Campochiaro, E. P. Conway 
Use of Linked DNA Probes for Carrier Detection and Diagnosis of X-linked Juvenile 

Retinoschisis N. Dahl, U. Pettersson 

X-inked Congenital Stationary Night Blindness G. Khouri, M. B. Mets, V. C. Smith, 


M. Wendell, A. S. Pass 


immunoglobulin Deposition in the Cornea After Application of Autologous Serum 
P. J. McDonnell, D. J. Schanzlia, N. A. Rao 


Sinus Histiocytosis Presenting as an Epibulbar Mass S. S. Stopak, N. G. Dreizen, 
L. E. Zimmerman, J. F. O'Neill 


Topical Aminocaproic Acid Significantly Reduces the Incidence of Secondary 
Hemorrhage in Traumatic Hyphema in the Rabbit Model R. R. Allingham, 
E. R. Crouch, Jr, P. B. Williams, J. C. Catlin, D. M. Loewy, J. Jacobson 


Retinal Pigment Epithelial Cells in Culture Produce Retinal Vascular Mitogens 
H. C. Wong, M. Boulton, D. McLeod, M. Bayly, P. Clark, J. Marshall 


Topical Ciprofloxacin Treatment of Pseudomonas Keratitis in Rabbits T. P. O’Brien, 
M. R. Sawusch, J. D. Dick, J D. Gottsch 


Experimental Interstitial Keratitis Induced by Onchocerca volvulus Antigens 
M. Y. Gallin, D. Murray, J. H. Lass, H. E. Grossniklaus, B M. Greene 


Complete Contents, p 1329 





NEW FROM ALCON 


A Creative Solution to 


the Artificial Tear/ 
Preservative Dilemma 











THE DILEMMA: 


The hallmark of dry eye is compromised 
corneal epithelium. Until Tears Naturale® II 
with Polyquad® dry eye treatment with 
preserved artificial tears presented the 
physician with a dilemma — the therapeutic 
benefits of newer artificial tears were 
sometimes offset by the toxicity of older 
ophthalmic preservatives such as 
benzalkonium chloride and chlorobutanol. The 
chronic nature of dry eye required repeated 
exposure of an already damaged cornea to an 
imperfect joining of second generation tear 
products with first generation, toxic 
preservatives. 








Tears Naturale II 
Artificial Tears with 
Polyquad Preservative 


Speci ically Formulated To Protect Corneal Epithelial Cell Integrity 


THE SOLUTION: 


Tears Maturale® I| with Polyquad represents the 
most significant development in artificial tears 
since the 1975 introduction of Tears Naturale; 
it is a true artificial tear with a preservative that 
is SO Sefe, corneal cells can actually grow in 
it! Polyquad is virtually non-sensitizing and 
reaction-free. In clinical trials with 749 subjects, 
Polyquad was proven 99% reaction free in 

all the general population while 97% of 











CELL JUNCTIONS 
EVIDENT 
NUCLEI MAINTAINED 


NORMAL CELL 
STRUCTURE 


PRIMARY EPITHELIAL 
LAYER INTACT 





subjec-s with known sensitivities to other showing an enesthedsed mAN i ele 
ophthaimic preservatives were reaction- minutes. Magnified 3000" 


free.’ Now at last, an artificial tear that provides 


your dry eye patients with the therapeutic 
benefits of a true artificial tear without the Alcon 
detrimenta! effects of a toxic preservative. Fort Worth, Texas 76115 


REFERENCE f pae 
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Alcon 
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THE FIRST PRESERVATIVE-SAFE ARTIFICIAL TEAR 
MUCOMIMETIC ACTIVITY 

NEUTRAL pH 

ISOTONIC 

UNSURPASSED COMFORT 





ee a 
intra-ocular pressure testing 
faster and more comfortable for evem 


Topcon’s new CT-10 Noncontact Tonometer makes i 
easier than ever. This highly advanced computerize¢ 
instrument has an exclusive CRT monitor that allows 
enced technician to make precise alignm 
And once aligned, the CT-10 < 
sures the IOP. This speed in € 
less fatigue for both operator 
its gradually increasing alr-pt 
tle on the patient, which alse 
operator. A manual override 
package. 

For overall data comparisi 
provide three separate mei 
each eye. The built-in printe 
you these, along with an av 

matter of seconds. 

For further information 

Computerized lonometer 

nearest authorized Topcor 

call Topcon directly. 





The Topcon 


CT-10 


Computerized low 


Technology f 
produsi 
excellence th 


Topcon Instrument Corpor. 
65 West Century Road, Paramus, Nj 0765 
estern Regional Office: 325 N. Wiget Lane, Walnut Creek, CA 94598 (415) 9E 





STEVENS-JOHNSON/PEMPHIGOID 
DRY EYE INVESTIGATION 
PARTICIPANTS WANTED 


Pharmaceutical Development Associates of New England (in 
conjunction with Spectra Pharmaceutical Services) is soliciting 
patients for a deuble-masked clinical investigation of a topical 
ophthalmic ointment (retinoid or placebo) for the treatment of 
severe dry eye seen with Stevens-Johnson syndrome or inactive 
ocular pemphigoid. Patients will be followed in the clinic for a total 
of 22 weeks. 


lf you have Stevens-Johnson syndrome or inactive ocular pemphi- 
goid patients who could be eligible for entry, please consider 
referring them: Patients will be returned to their primary care 
physician omce studies are complete. For information, contact: 


S. Kim Berman, M.S./Beverley Doyle, PhD. 
Pharmaceutical Development Associates 
of New England Inc. 

1080 Washington Street 
Hanover, MA 02339 
(617) 826-7939 
(800) 825-7255 


ASSOCIATE/ ASSISTANT 
PROFESSOR OF OPHTHALMOLOGY 


The Department of Ophthalmology 
at the University of South Florida 
College of Medicine is seeking a able 
board certified, fellowship trained 
pediatric ephthalmologist. The suc- 
cessful candidate will be clinically 
qualified with a strong interest in 
teaching and research. Send cur- 
riculum vitae, bibliography and a 
letter discussing career goals to: 








Write: 


William E. Layden, M.D., Chairman 
Department of Ophthalmology 
USF College of Medicine 
MBC Box 21 
12901 Bruce B. Downs Boulevard 
Tampa, Florida 33612-4799 


Application deadline 1/30/89 


An affirmative action equal 
opportunity employer 





Fellowship 


Fellowship 
in Anterior 
Segment/Corneal 
External 
July 1990-1991. 


Disease 


Department of 
Ophthalmology 
University of 
Connecticut 
Farmington, CT 
06032 
203-521-7560 


Attn: P.C. Donshik, M.D. 





Genoptic® 
(gentamicin sulfate, USP) 
Liquifilm® sterile ophthalmic solution 


INDICATIONS: Genoptic Liquifilm sterile ophthalmic solution is indi- 
cated in the topical treatment of infectioms of the external eye and 
its adnexa caused by susceptible bacteria. Such infections include 
conjunctivitis, keratitis and keratoconjunctivitis, corneal ulcers, 
blepharitis and blepharoconjunctivitis, ecufe meibomianitis, and 
dacryocystitis. CONTRAINDICATIONS: This product is contraindicated 
in patients with Known hypersensitivities to amy of its components. 
WARNINGS: Genoptic Liquifilm is not for injection. If should never be 
injected subconjunctivally, nor should it be introduced directly into 
the anterior chamber of the eye. PRECAUTIONS: General: Prolonged 
use of topical antibiotics may give rise to cvergrowth of nonsuscepti- 
ble microorganisms, such as fungi. Shoula@ this occur, or if irritation 
or hypersensitivity to any component of fhe drug develops, discon- 
tinue use of the preparation and institute appropriate therapy. 
Carcinogenesis, mutagenesis, impairment of fertility: There are no 
published carcinogenicity or impairment of fertility studies on gen- 
tamicin. Negative results have been reported an the mutagenicity of 
aminoglycoside antibiotics. Pregnancy Cctegory C: Gentamicin has 
been shown to depress newborn body weights, kidney weights and 
median glomerular counts in rats when acministered systemically in 
daily doses of approximately 500 times the maximum recommended 
ophthalmic dose in humans. There are no acequate and well-con- 
trolled studies in pregnant women. Gentamicin should be used during 
pregnancy only if fhe potential benefit justifies Me potential risk to the 
fetus. ADVERSE REACTIONS: Transient irritation has been reported with 
the use of topical ophthalmic gentamicin sulfate. 


AIIERCAN® 


Allergan Pharmaceuticals 
A Division of Allergan, Inc., Irvine, CA 92713 
© 1987 Allergan, Inc. 





GENERAL 

OPHTHALMOLOGIST 
to join expanding eye department 
at the multispecialty Kaiser Perma- 
nente Medical Center, a prepaid 
HMO, at Roseville (Sacramento), 
CA. Competitive salary and gener- 
ous benefit package offered. The 
eye department consists of 9 
M.D.’s with subspecialties in cor- 
nea, neuro-ophthalmology and reti- 
na, and 16 0.D.'’s. Fully equipped 
offices with excellent technician 
support. 


avail- 


Send CV to: 
Carolyn Whelan 
The Permanente Medical Group, 
Inc. 
2025 Morse Avenue 
Sacramento, CA 95825 





knowi 
at work. 


Genoptic™ 


i, | Genoptic (gentamicin sulfate, USP) 


3.0 mg/mL base Liquifilm® sterile ophthalmic solution 
Broad spectrum coverage that includes pseudomonas species. 
Pigasesee adjacent pagë for brief summary of prescribing information. 


AIIERCAN® 


Allergan Pharmaceuticals 
A Division of Allergan, Inc., Irvine, GA92713 
© 1987 Allergan, Inc. 
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Continuing the Publication 
Founded by Herman Knapp, 1869 


The objectives and goals of the Archives of 
Ophthalmology are education: To inform its readers 
of progress, problems, and pertinent research in the 
practise of ophthalmology through the publication of 
original contributions and observations. 


EDITORIAL BOARD 


Morton F. Goldberg, MD, Editor 
Joel Sugar, MD, Associate Editor 
Gerald A. Fishman, MD, Assistant Editor 
‘Cinda Gisiason, BA, Administrative Assistant 
Archives Office: University of Illinois, Eye and Ear 
Infirmary, 1855 W Taylor St, Chicago, IL 60612. 
Phone: (3 12)e996-2327 


Danie! M. Albert, MD, Boston 
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paper. Do not include a “summary” section in the main manu- 
script. 

References.—List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent citations 
should be to the original number. All references must be cited in 
the text or tables. Unpublished data and personal communications 
should not be listed as references but parenthetically within the 
text. References to journal articles should inelude (1) author(s) (if 
more than three, write “et al” after the third name), (2) title, (3) 
journal name (as abbreviated in Index Medicus), (4) year, (5) 
volume number, and (6) inclusive page numbers, in that order. 
References to books should include (1) author(s), (2) chapter title 
(if any), (3) editors (if any), (4) title of book, (5) city of publication, 
(6) publisher, (7) year, and (8) page, if indicated. 

SI Units.—Use Système International (SI) measurements 
throughout the manuscript. (Exceptions are visual acuity mea- 
surements and intraocular pressure recordings.) 

Illustrations.— Use only those illustrations that clarify and aug- 
ment the text. More than ten total illustrations per manuscript 
would have to be justified. Submit illustrations (5 X 7 in) in 
triplicate, unmounted and untrimmed. Do not send original 
artwork. Send high-contrast glossy prints. Figure number, name 
of senior author, and arrow indicating “top” should be typed on a 
gummed label and affixed to the back of each illustration. 
Illustrations submitted for publication may be relettered to 
achieve uniformity of lettering style throughout the journal. 
Magnification and stain should be provided when pertinent. 


PLEASE NoTeE: Most COMMON ERRORS TO AVOID 
FOR BOTH ORIGINAL ARTICLES AND LETTERS TO THE EDITOR 
(SECRETARY’S CHECKLIST) 


(1) Failure to send original typed manuscripts plus two 
copies. 

(2) Failure to double-space entire manuscript (abstract, 
references, legends, and tables). 

(3) References not in proper format, not in numerical 
order, or not cited in text. 

(4) Use of 1%-spacing rather than double-spacing. Do 
not justify right margins. 

(5) Failure to send three sets of illustrations/photo- 
graphs or original color slides plus two sets of color 
prints. 

(6) Title too long. 

(7) Failure to label abstract or to provide abstract (not 
needed for letters to the editor), case reports, photo 
essays). Abstract too long. 

(8) Incomplete or improper consent forms for patient 
photographs; improper or incomplete legends. 

(9) Failure to include copyright transmittal form 
(needed for both original articles and letters to the 
editor). Failure to include proprietary statement. 

—(10) Failure to include all authors’ personal signatures 
on copyright transmittal form (see paragraph 3). 

—(11) Failure to designate the corresponding author and 
provide phone number and address. 

—(12) Failure to include consent forms for illustrations 
previously published elsewhere. Failure to indicate 
willingness to pay for author’s share of color illus- 
trations. 





Instructions for Authors 


illustrations im full color are accepted for publication if the 
editors believe that color will add significantly to the published 
manuscript. Please submit one set of positive transparencies (35 
mm slides) and two sets of color prints. The ARCHIVES will pay 
part of the expense of reproduction and printing color illustra- 
tions, the remainder to be borne by the author. Submit a stete- 
ment indicating author’s willingness to accept this cost. After 
deducting the ARCHIVES’ contribution, the author’s share is $400 
for up to six square-finished illustrations that can be arranged on 
a one-page layout. Any additional illustrations or special effects 
will be billed tothe author at cost. 

Legends.—Legends must be typed double-spaced, beginning on a 
separate sheet of paper. Length should be limited to a maximam 
of 40 werds.and should allow the illustration to be fully under- 
standable without recourse to the text. Use arrows, letters, etc, ‘or 
enhanced understanding. 

Authorized Use of Photographs.— Recognizable photographs may 
be taken and published only if specifically consented to by the 
patient. Bo facilitate proof, the consent should be in writing. Any 
restrictions or limitations on the consent must be strictly 
observed; eg, eyes are blocked out only as a condition of consent. 
Consent forms must include a specific statement that photographs 
and information related to a case may be published either 
separately er in connection with each other, in professional 
journals or medical books, provided that it is specifically under- 
stoed that the patient shall not be identified by name. Parenzal 
censent fer publication of photographs and information related to 
the case must imelude signature of both living parents. Consent 
releases for minors without living parents must be signed by the 
legally appointed guardian. Submit consent forms with the manu- 
script. 

Acknowiedgments.—Illustrations from other publications are 
rarely published out if used must be acknowledged. Include the 
following when applicable: author(s), title of article, title of 
journal er beok, volume number, page(s), month, and year. Tae 
publisher's permission to reprint must accompany the manu- 
script. 

Statistical Consuitation.— We recommend that statistical consul- 
tation be obtained as early as possible for studies with statistical 
content. The name and affiliation of the statistical consultant tif 
different from the author[s]) should be included. 


Tables.— Each table should be typed deuble-spaced, including all 
headings, on a separate sheet of 216 X27.9-cm (8% X 11-in) 
paper. Do not use larger paper. If a table must be continued, use a 
second sheet and repeat all heads and stubs. Each table must have 
a title. 

Photo Essay.—Manuscripts for this section should emphasize 
the visual aspects of the subject presented. The picture(s) should 
be of high quality and should be self-explanatory. The photo- 
graphs can be of clinical entities, laboratory studies and findings 
(eg, smears, histologic sections), diagnostic techniques (roentgen- 
ograms, computed tomographic scans, magnetic resonance image, 
ultrasound, etc), therapeutic procedures, or a combination. A 
concise essay, limited to 250 words, describing the clinical or 
laboratory information, photograph(s), and a brief list of refer- 
ences (five or less), if pertinent, should be submitted in triplicate. 
Articles will be limited to one to twe printed pages, and all 
material must fit into this format. Refer to the general “Instruc- 
tions for Authors” for other requiremerts. 

Correspondence and Case Reports.—Contributions to this section 
may include comments on articles published in the ARCHIVES, 
informative case reports, or other matters of ophthalmic interest. 
Such letters are subject to editorial review and will be published 
as space and editorial priorities permit. Published letters will be 
listed by author and title in the table of contents, and authors and 
subjects are indexed by the major indexing services. Letters to the 
editor and Case Reports ordinarily should not exceed 500 words in 
length. There should be a maximum cf three references. Two 
figures or one figure plus one table can be printed. The typescript 
should be double-spaced with a ragged right hand margin and 
submitted in triplicate. A copyright transmittal letter signed by 
all authors must accompany the letter. Please refer to “Instruc- 
tions for Authors” for additional requirements. 

Reprints.— Reprints can be ordered at the time the typescript is 
returned after editorial processing. 

AMA Manual of Style.—This 1988 edition, formerly the Manual 
for Authors & Editors, is available from Williams & Wilkins, 428 E 
Preston St, Baltimore, MD 21202. Single copy price: $24.95. A 
shipping charge is added on all orders not prepaid. If additional 
ordering information is needed, or to erder by telephone, call 
1-800-638-0672. 


From the Archives of the Archives 


A rare talent, recognized 


Although instruction in ophthalmolegy was given as early as 1822, in the Maryland 
Hospital by George Frick, in the Massachusetts Eye and Ear Infirmary in 1834 by 
Edward Reynolds and John Jeffries, and although Henry W. Williams organized a class 
of Harvard students in 1850, it was not until 1860 that Miami Medical College 
established the first chair of ophthalmology in this country, with Elkanah Williams as 


its incumbent. 


A happy selection indeed; he was a gifted man, an impressive teacher, vigorous in 
mind and in body, of great personal charm, and so skilful that of him it has been said 
“though love is blind, he could make love see.” 


SOURCE: de Schweinitz GE: Some of the phases 
and contributions of American ophthalmelogy. 


Edited by Jean Schaffner, Editorial Assistant 
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delivers more active drug to the site 
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Bleph-10 


(sulfacetamide sodium ophthalmic solution) 10% 
with Liquifilm® (polyvinyl alcohol) 1.4% Sterile 


INDICATIONS AND USAGE: Bleph-10 is indicated for the treat- 
ment of conjunctivitis, corneal ulcer and other superficial 

ocular infections caused by susceptible microorganisms, and 

~ — treatment in systemic sulfonamide therapy of 
rachoma. 


CONTRAINDICATIONS: Bleph-10 is contraindicated in indi- 
viduals who have a hypersensitivity to sulfonamide prepara- 
tions or to any of the ingredients of the preparation. 


PRECAUTIONS: Sulfacetamide preparations are incompatible 
with silver preparations. 


Nonsusceptible organisms, including fungi, may proliferate 
with the use of this preparation. Sulfonamides are inactivated 

the aminobenzoic acid present in purulent exudates. Sen- 
sitization may occur when a sulfonamide is re-administered 
irrespective of the route of administration, and cross- 
sensitivity between different sulfonamides may occur. If signs 
of sensitivity or other untoward reactions occur, discontinue 
use of the preparation. 


ADVERSE REACTIONS: Sulfacetamide sodium may cause 
local irritation, stinging and burning. While the irritation may 
be transient, occasionally, use of the medication has to be 
discontinued. 


Although sensitivity reactions to sulfacetamide sodium are 
rare, an isolated incident of Stevens-Johnson syndrome was 
reported in a patient who had experienced a previous bul- 
lous drug reaction to an orally administered sulfonamide, and 
a single instance of local hypersensitivity was reported which 
progressed to a fatal syndrome resembling systemic lupus 
erythematosus. 
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Blephamide® 


(sulfacetamide sodium - prednisolone acetate) 
Liquifilm® sterile ophthalmic suspension 


INDICATIONS AND USAGE: A steroid/anti-infective combi- 
nation is indicated for steroid- responsive inflammatory ocular 
conditions for which a corticosteroid is indicated and where 
bacterial infection or a risk of bacterial ocular infection exists. 


Ocular steroids are indicated in inflammatory conditions of 
the palpebral and bulbar conjunctiva, cornea, and anterior 
segment of the globe where the inherent risk of steroid use 
in certain infective conjunctivitides is accepted to obtain a 
diminution in edema and inflammation. They are also indi- 
cated in chronic anterior uveitis and corneal injury from chem- 
oe radiation or thermal burns or penetration of foreign 
odies. 


The use of a combination drug with an anti-infective compo- 
nent is indicated where the risk of infection is high or where 
there is an expectation that potentially dangerous numbers 
of bacteria will be present in the eye. 


The particular anti-infective drug in this product is active 
against the following common bacterial eye pathogens: 
Escherichia coli, Staphylococcus aureus, Streptococcus 
pneumoniae, Streptococcus (viridans group), Pseudomonas 
species, Haemophilus influenzae, Klebsiella species, and 
Enterobacter species. This product does not provide adequate 
coverage against Neisseria species and Serratia marcescens. 


CONTRAINDICATIONS: Epithelial herpes simplex keratitis 
(dendritic keratitis), vaccinia, varicella, and many other viral 
diseases of the cornea and conjunctiva. Mycobacterial infec- 
tion of the eye. Fungal diseases of the ocular structures. 
Hypersensitivity to a component of the medication. (Hyper- 
sensitivity to the antimicrobial component occurs at a higher 
rate than for other components.) 


The use of these combinations is always contraindicated after 
uncomplicated removal of a corneal foreign body. 


WARNINGS: Prolonged use may result in glaucoma with 
damage to the optic nerve, defects in visual acuity and fields 
of vision, and in posterior subcapsular cataract formation. 
Prolonged use may suppress the host response and thus 
increase the hazard of secondary ocular infections. In those 
diseases causing thinning of the cornea or sclera, perfora- 
tions have been known to occur with the use of topical 
steroids. In acute purulent conditions of the eye, steroids may 
mask infection or enhance existing infection. If these products 
are used for 10 days or longer, intraocular pressure should 
be routinely monitored even though it may be difficult in 
children and uncooperative patients. 


Employment of a steroid medication in the treatment of herpes 
simplex requires great caution. 


A significant percentage of staphylococcal isolates are com- 
pletely resistant to sulfa drugs. 


PRECAUTIONS: The initial prescription and renewal of the 
medication order beyond 20 milliliters should be made by 
a physician only after examination of the patient with the aid 
of magnification, such as slit lamp biomicroscopy and, where 
appropriate, fluorescein staining. 


The possibility of fungal infections of the cornea should be 
considered after prolonged steroid dosing. 


ADVERSE REACTIONS: Adverse reactions have occurred with 
steroid/anti-infective combination drugs which can be 
attributed to the steroid component, the anti-infective com- 
ponent, or the combination. Exact incidence figures are not 
available since no denominator of treated patients is available. 


Reactions occurring most often from the presence of the anti- 
infective ingredient are allergic sensitizations. The reactions 
due to the steroid component in rotor order of frequency 
are: elevation of intraocular pressure (IOP) with possible 
development of glaucoma, and infrequent optic nerve 
damage; posterior subcapsular cataract formation; and 
delayed would healing. 


Secondary infection: The development of secondary infec- 
tion has occurred after use of combinations containing 
steroids and antimicrobials. Fungal infections of the cornea 
are particularly prone to develop coincidentally with long-term 
applications of steroid. The possibility of fungal invasion must 
be considered in any persistent corneal ulceration where 
steroid treatment has been used. 


Secondary bacterial ocular infection following suppression 
of host responses also occurs. 


FML’ 
(fluorometholone) 0.1% 
Liquifilm® sterile ophthalmic suspension 


INDICATIONS AND USAGE: FML is indicated for the treat- 
ment of corticosteroid-responsive inflammation of the pal- 
pebral and bulbar conjunctiva, cornea and anterior segment 
of the globe. 


CONTRAINDICATIONS: FML is contraindicated in the follow- 
ing conditions: 

Epithelial herpes simplex keratitis (dendritic keratitis), vac- 
cinia, varicella, and other viral diseases of the cornea and 
conjunctiva. 


Tuberculosis of the eye. 
Fungal diseases of the ocular structures. 
Hypersensitivity to any component of the medication. 


WARNINGS: Corticosteroid medication in the treatment of 
patients with a history of herpes simplex keratitis (involving 
the stroma) requires great caution; frequent slit lamp 
microscopy is mandatory. 


Prolonged use may result in elevation of IOP, with damage 
to the optic nerve, defects in visual acuity and fields of vision, 
and/or in posterior subcapsular cataract formation. It may 
also aid in the establishment of secondary ocular infections 
from fungi or viruses liberated from ocular tissues. 


Various ocular diseases and long-term use of topical cor- 
ticosteroids have been known to cause corneal and scleral 
thinning. Use of topical corticosteroids in the presence of 
thin corneal or scleral tissue may lead to perforation. 


Acute purulent untreated infection of the eye may be masked 
or activity enhanced by the presence of corticosteroid medi- 
cation. 


PRECAUTIONS: General: As fungal infections of the cornea 
are particularty prone to develop coincidentally with long-term 
local corticosteroid applications, fungal invasion must be 
suspected in any persistent corneal ulceration where a cor- 
ticosteroid has been used or is in use. 


Intraocular pressure should be checked frequently. 


a mutagenesis, impairment of fertility: No 
studies have been conducted in animals or in humans to 
evaluate the possibility of these effects with fluorometholone. 


Pregnancy Category C: Filucrometholone has been shown 
to be teratogenic and embryocidal in rabbits when given in 
doses approximating the human dose and above. There are 
no adequate, well-controlled studies in pregnant women. 
Fluorometholone should be used during pregnancy only if 
the potential benefit outweighs the potential risk to the fetus. 


Fluorometholone was ocularly applied to both eyes of preg- 
nant rabbits at various dosage levels on days 6 to 18 of gesta- 
tion. A significant dose-related increase in fetal abnormalities 
and in fetal loss was observed. 


Nursing Mothers: It is not known whether topical ophthalmic 
administration of corticosteroids could result in sufficient sys- 
temic absorption to produce detectable quantities in breast 
milk, nevertheless, the physician should consider the patient 
discontinuing nursing while the drug is being administered. 


Pediatric Use: Safety and effectiveness in children have not 
been established. 


ADVERSE REACTIONS: Adverse reactions include, in decreas- 
ing order of frequency, elevation of intraocular pressure (IOP) 
with possible development of optic nerve damage; loss of 
visual acuity or defects in fields of vision; posterior subcap- 
sular cataract formation; delayed wound healing. 


The following have also been reported after the use of topical 
corticosteroids: Secondary ocular infection from pathogens 
liberated from ocular tissues and, rarely, perforation of the 
globe when used in conditions where there is thinning of the 
cornea or sclera. 


= ALLERGAN PHARMACEUTICALS 


A Division of Allergan, Inc., Irvine, CA 92713 
©1988 







N 






l. LARAI Mbu 


(OMPLETES a 
Swe A 
; et ca Li \ 


= ied 
a, 
ene A = 
Ja a ma = 
te —_< —— 
t = 


ee 
ae 
m 







®@ Most powerful phaco available today... 54KHz 


® Surgeon controlled power for super-smooth, chatter-free 
moret Sculpting of mature nuclei 


] 4 . i @ Newly designed, autoclavable, lightweight handpiece 
ea and surgeon footpedal control 








® Versatile...choose from two different phaco modules 
O Linear-pulse with surgeon and panel control of power 
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438 pages! 280 photographs! 71 contributors! 
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Bienfang, Borodic, Breinin, Buckley, Glaser, Hoffman, C. Hoyt, 
Jacobson, Katz, Kline, Lubow, Magargal, Materson, Newman, Packer, 
Purvin, Sanborn, Selhorst, Sheldon, Smith, Spoor, Tang, Trobe, 
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Fluid-Gas Exchange After Vitrectomy Using Long-Acting 
Gases in an Outpatient Setting 


To the Editor.—Postvitrectomy fluid-air exchange is a 
useful procedure for the treatment of recurrent vitreous 
hemorrhage and persistent or recurrent retinal detach- 
ment. Recently, several reports have described techniques 
of outpatient fluid-air exchange.'* Landers and associates' 
described a single syringe and needle “push-pull” tech- 
nique in which the syringe is filled with air or an air-gas 
mixture. A similar technique was recently described by 
Kleiner? in which two syringes could be attached to a single 
needle via a special connector. In this way, a long-acting 
gas such as sulfur hexafluoride or perfluoropropane can be 
injected. Long-acting gas tamponade is often required in 
the treatment of proliferative vitreoretinopathy. Further- 
more, using slightly expansile concentrations facilitates a 
more complete gas fill. Unfortunately, these techniques 
can cause rapid changes in intraocular pressure or, more 
commonly, the introduction of small bubbles known as 
“fish eggs.” The bubbles often preclude further postopera- 
tive laser therapy. Miller and associates’ described an 
alternative method using two needles and an automated 
air-fluid exchange device. This method maintains a con- 
stant intraocular pressure and prevents the formation of 
fish eggs. The technique, as they describe it, does not allow 
for the use of long-acting gases. 


Technique.—We have modified Miller and colleagues’ technique 
in the following manner for use in aphakic or pseudophakic 
patients requiring a long-acting gas. We do not use long-acting 
gases in phakic patients because of the tendency for cataract 
formation. Retrobulbar anesthesia is used in all patients who will 
undergo photocoagulation after exchange, while patients not 
undergoing immediate photocoagulation are treated with topical 
proparacaine. A wire eyelid speculum is used and the eye is then 
prepared with copious saline solution irrigation, 10% povidone- 
iodine, and gentamicin ophthalmic drops. The patient is placed on 
his or her side. A 30-gauge needle is attached to an air pump via 
extension tubing and a stopcock with a 35-mL syringe filled with 
the desired gas concentration is attached to the third port 
(Figure). The stopcock is placed in the off position and the air 
pump is turned on with a preset pressure of 40 mm Hg. The 
30-gauge needle is then placed in the temporal pars plana and the 
position is verified in the vitreous cavity by indirect ophthalmos- 
copy. A 30-gauge needle attached to a 12-mL syringe via extension 
tubing is then inserted through the nasal pars plana in phakic and 
pseudophakic eyes, or through the nasal limbus into the anterior 
chamber of aphakic eyes. The stopcock is then adjusted to allow 
air to flow from the pump into the eye. The vitreous fluid is then 
aspirated through the nasal 30-gauge needle while the air pump 
maintains a constant pressure. After a complete exchange is 
performed, the stopcock is turned to allow for flow from the 35-mL 
gas-containing syringe and the 12-mL syringe is removed from the 
extension tubing. Thirty-five milliliters of gas (20% perfluoropro- 
pane or 25% sulfur hexafluoride) is then injected steadily through 
the eye, while the intravitreal air escapes through the nasal 
needle. The nasal needle is removed, followed by the temporal 
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Technique of fluid-air exchange using air pump and gas-filled 
syringe. 


needle. The intraocular pressure is checked immediately postoper- 
atively and, if expansile gases are used, it is checked again six 
hours later. Topical gentamicin is applied and the eye is 
patched. 


Comment.—This technique has been used on more than 
100 patients in the past 18 months. No complications such 
as a marked increase in intraocular pressure, endophthal- 
mitis, intraocular lens dislocation, or retinal hole forma- 
tion caused by the air-fluid exchange have been noted. 

This technique has the disadvantage of requiring two 
intraocular needles, and thus two operators. However, the 
technique is easily performed and prevents wide pressure 
variations and the formation of small gas bubbles. 

FRED H. LAMBROU, MD 
Jacksonville, Fla 


ROBERT G. DEVENYI, MD, FRSC 
Milwaukee 


DENNIS P. HAN, MD 
Ann Arbor, Mich 
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Use of Intraocular Gas in Flat Anterior 
Chamber After Filtration Surgery 


To the EcStor.—Air is frequently used to re-form the 
anterior chamber after intraocular surgery. Though the 
roles of leng-lasting intraocular gases such as sulfur 
hexafluoride and perfluorocarbons are well established in 
vitreeretinal surgery,' they have not been used in anterior 
segment surgery. However, the expansile properties of 
these gases and their longer persistence compared with 
that of air may offer advantages in the management of 
selected amterior segment problems. We report a case of 
persistent fiat anterior chamber following glaucoma ñl- 
tration surgery that was unresponsive to numerous choroi- 
dal taps ard anterior chamber re-formations and in which 
perfluoropropane was successfully used. 


Report of = Case.—A 69-year-old man was evaluated for possible 
cataract surzery on the left eye. Visual acuity in the right eye was 
light perception because of end-stage glaucoma. Visual acuity was 
20/200 OS, a mederately dense nuclear sclerotic cataract was 
present, the ntraocular pressure was elevated, and the optic nerve 
was extensively cupped. The patient was receiving maximally 
tolerated medica! treatment and had undergone trabeculectomies 
onee in the right-eye and twice in the left eye that failed. 

A full-thickness filtration procedure was performed on the left 
eye in an <ttempt to control the glaucoma before performing 
cataract surgery. The postoperative course was complicated by a 
persistent flat anterior chamber with lens-cornea touch and 
hypeteny. The bleb was moderately elevated with no evidence of 
overfiltratiom and no wound leak was detected by testing with 2% 
fluorescein solution. B-scan ultrasonography disclosed the pres- 
ence of suprachoroidal fluid. 

Medical treatment with cyclopegic-mydriatic drops and tam- 
ponade with pressure patching and with the glaucoma shell were 
ineffective in reforming the chamber. A choroidal tap and re- 
formation o7 the anterior chamber with balanced salt solution was 
performed. The anterior chamber was completely flat on the 
follewing day. Repeated choroidal taps and re-formations of the 
anterior chamber with balanced salt solution, air, and hyaluron- 
ate sodium were performed, but the anterior chamber continued 
to flatten. ål of the choroidal taps resulted in the expression of 
copious amcunts of straw-cclored suprachoroidal fluid. 

After six ¢horoida! taps the anterior chamber remained flat, the 
cornea had decompensated, and the lens had become more cata- 
ractous. A -nal choroidal tap was performed and the anterior 
chamber was re-formed with perfluoropropane in a 20% mixture 
with air. The gas bubble initially occupied approximately 90% of 
the anterierchamber and slowly resorbed over a two-week period. 
Theanterior chamber remained formed during this time and the 
suprachoroiial fluid resorbed spontaneously. Intraocular pres- 
sures were Maintained in the low “teens” during this period. Six 
weeks later the patient underwent a combined extracapsular 
cataract extraction/penetreting keratoplasty. Fifteen months 
postoperatively his local ophthalmologist reported that the 
intraocular pressure was 8 mm Hg and visual acuity was 20/80. 


Commenx:.—The toxicity of intraocular gases on anterior 
segment structures has been studied in animals** but the 
clinical relevance of these studies is not known. Van Horn 
and colleagues have doeumented toxicity to the rabbit 
corneal eneothelium by air but it remains a useful adjunct 
in anterior segment surgery. Recently, Wilson and col- 
leagues‘ reported that 14% perfluoropropane and 50% 
sulfur hexafluoride were not more toxic than air with 
respect to the cornea anc lens in rabbit eyes. 

Our patient had decompensation of the cornea and 
cataract before the injection of perfluoropropane; thus, it 
is dificult to determine if perfluoropropane caused any 
toxicity. Tis intraocular gas was extremely useful in cur 
patient and its use may be considered in other cases of 
persistently flat anterior chamber after other, more con- 
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ventional interventions have failed to re-form the anterior 
chamber. 
M. Roy Wilson, MD 
Marc O. YOsHIzUMI, MD 
Davip A. LEE, MD 
WAYNE MARTIN, MD 
Les Angeles 


E. J. HIGGINBOTHAM 
Chicago 
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Visual Acuity and Intraocular Gas 


To the Editor.—One major advantage of silicone oil over 
short- and long-acting intraocular gases is the ability of 
the patient to see through this vitreous substitute postop- 
eratively. It is recognized that eyes with intraocular gas do 
not have useful vision. Consequently, there is a delay in 
assessing the postoperative visual recevery in eyes with 
intraocular gas bubbles. 

We measured reading visual acuities in 11 aphakic eyes, 
with gas bubbles occupying more than two thirds of the 
volume of the ocular cavity. Initially, subjective refraction 
of three patients at 33-cm reading distance necessitated a 
correction varying between +28 diepters (D) and +38 D. 
Thereafter, we found that holding an aspheric biconvex 
lens (+28 D or +380 D, used for indirect ophthalmoscopy) in 
front of the eye and varying the vertex distance yielded the 
same final reading visual acuities. Reading visual acuities 
in 11 patients varied from hand motions to 20/20. One 
uniocular patient benefited for one week from the use of 
these temporary corrective glasses. 

We analyzed the optics in an aphakie, normal-sized eye 
that was completely filled with gas (anterior corneal 
diameter, 7.7 mm; posterior corneal diameter, 6.9 mm; 
axial length, 23.5 mm; vertex distance of corrective lens, 
13.75 mm). The refractive power of the aphakic eye filled 
with gas was calculated to be —5.08 D (similar to results 
found by Landers et al' and Stefansson and Tiedeman?). 
We then calculated the dioptric power of the lens (placed at 
the vertex distance) needed to give a sharp image of an 
object at infinity. The lens refractive power was +28.75 D. 
Because of the high refractive power of the lens compared 
with the low refractive power of the eye, we found (by 
calculations) that moving the lens by a few millimeters 
allowed the use of the present system in short eyes (by 
moving the lens away from the eye 1 mm for each 
millimeter of axial shortening) and m long eyes (by moving 
the lens toward the eye 1 mm for each millimeter of axial 
lengthening). For reading at a distance of 33 cm, the lens 
must be moved approximately 4 mm away from the eye to 
obtain a clear image. The magnification was calculated to 
be around X2.6. Therefore, a measured visual acuity of 
20/20 would correspond to a visual acuity of approximately 
20/50 (the system functions as a lew-vision aid magnifi- 
er). 
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available biconvex lenses for indirect ophthalmoscopy 
(+28 D or +30 D) allows quick assessment of postoperative 
visual potential in eyes with large gas bubbles. For uniocu- 
lar patients, temporary corrective glasses also help to 
assist the patient in the initial postoperative period. 
AHMAD M. Mansour, MD 
Galveston, Tex 


JACK T. HOLLADAY, MD 
Houston 


1. Landers MB III, Stefansson E, Wolbarsht ML: The optics of vitreous 
surgery. Am J Ophthalmol 1981;91:611-614. 

2. Stefansson E, Tiedeman J: Optics of the eye with air or silicone oil. 
Retina 1988;8:10-19. 


Intraocular Pressure and Panretinal Photocoagulation 


To the Editor.—With great interest I read the report by 
Kaufman et al' on intraocular pressure (IOP) after panre- 
tinal photocoagulation that was published in the ARCHIVES 
in June 1987. To elucidate the reasons for the quantitative 
differences between our observed decreases in IOP, I 
should like to ask the authors the following questions: Is it 
possible to distinguish between effects on IOP from panre- 
tinal photocoagulations made with the xenon arc and with 
the argon laser? Is it possible to distinguish between 
effects on IOP from treatments performed with the patient 
under retrobulbar anesthesia (RBA) and those performed 
without RBA? 

My reasons for asking are as follows: As I have re- 
ported,’ pressure decreases (2.2 mm Hg) were only signifi- 
cant after six months if the photocoagulations were made 
with the xenon arc and RBA and no effect on IOP was 
recorded when comparable treatments were made with the 
argon laser without RBA. It should be mentioned that our 
two studies are not quite comparable, since we used 
different follow-up times and the IOP responses may have 
varied according to these times. 

The IOP-lowering effect of panretinal photocoagulation 
with the xenon arc may seem to be of interest only to 
pathophysiologists as it is small in normotensive eyes. 
However, it is approximately five times greater or more if 
the IOP of the treated eye is above 30 mm Hg. This effect is 
unrelated to the presence of neovascular disease and is in 
fact useful in the treatment of selected glaucomas, either 
alone or in combination with other IOP-reducing proce- 
dures.’ 

NICOLAI SCHI@DTE, MD 
Copenhagen 


1. Kaufman SC, Ferris FL, Schwartz M: Intraocular pressure following 
panretinal photocoagulation for diabetic retinopathy. Arch Ophthalmol 
1987;105:807-809. 

2. Schigdte SN: Changes in eye tension after xenon arc and argon laser 
photocoagulation in normotensive diabetic eyes. Acta Ophthalmol 
1982;60:692-700. 

3. Schigdte SN, Nissen OI, Kessing SV. Panretinal photocoagulation 
treatment of severe, complicated glaucoma, in Greve EL, Leydhecker W, 
Raitta C (eds): Second European Glaucoma Society Symposium. The Hague, 
Dr W Junk Publishers, 1984, p 348. 


Editors Note: The authors of the original article declined 
to respond. 


A Photographic Method for Evaluation 
of Oculoplastic Surgery 


To the Editor.—The need for preoperative and postopera- 
tive measurements in oculoplastic surgery and their accu- 
rate documentation is well recognized. A variety of meth- 
ods are used. The most common method currently used in 
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Fig 1.—Developed film grid being placed inverted at focal plane of 
camera. 


ophthalmology for documenting sizes of lesions and for the 
assessment of oculoplastic cases (eg, the measurement of 
ptosis, the palpebral fissure, and levator function) is with 
the use of a ruler held next to the lesion or lids. Although 
this is an easy and convenient method of documentation, 
accuracy varies from one observer to another. The proxim- 
ity of a ruler to the eye also causes apprehension in the 
patient and can affect the accuracy of the measure- 
ments. 

A review of recent studies on the treatment of ptosis and 
lid retraction published in ophthalmic journals reveals 
that photographs are sometimes taken with a ruler held 
next to the face before and after surgery for the documen- 
tation and illustration of the effects of surgery. Various 
attempts have been made to overcome these difficulties, 
including the use of a device called a Walter Reed blepha- 
rometer that is placed on the patient and then photo- 
graphed’ and a photographic method that superimposes a 
l-mm graph paper-like grid over the subject.’ 

This produced a good method for documentation, but the 
profusion of lines distracts from the clinical appearances. 
We have developed a photographic method of documenta- 
tion that allows accurate measurements while maintaining 
the clarity of the photograph. 

Two vertical millimeter scales are constructed by accu- 
rately drawing them onto acetate sheets using very fine 
india ink. These vertical scales are drawn 65 mm apart as 
90% of interpupillary distances fall between 60 and 67 
mm.’ A practical working magnification ratio is estab- 
lished using the camera (Nikon 35-mm, Nikon Corporation, 
Tokyo), a macro lens (any macro lens may be used; we used 
a 120-mm macro lens), and a patient. The distance between 
the patient and the focal plane of the camera is noted as 
indicated on the focused macro lens. The scales are placed 
onto an roentgenogram viewing screen and photographed 
at the predetermined distance onto ortholith-type 35-mm 
film (Kodak Ltd, Herts, England). The film is rated at 12 
ASA, and the exposure is determined by an external light 
meter with readings taken in a darkened room with the 
roentgenogram viewing screen light switched on. 

We found that a selection of exposures from 0.125 to 2 s 
was sufficient to produce a good range of negatives. When 
photographing the scales, it is important to frame them 
through the viewfinder, ensuring that the scales are filling 
the viewfinder. These scales are photographed at the 
determined distance at a chosen practical working magni- 
fication ratio. This is also the distance at which the subject 
will be photographed. 
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Fig 2.—Left, Left-sided ptosis. Right, Early postoperative view after left-sided levator resectien. 


The film is developed in Kodak Kodalith A and B 
developer for two minutes at 20°C with constant agitation. 
This gives a black background with clear lines and is 
reversed by contacting the 35-mm ortholith film with a 
sheet of the same film. A sheet is used in preference to a 
35-mm film strip because it is easier to handle in contact 
printing. The sheet film is developed as described above. 
When dry, the sheet film is cut and the final film grid is 
placed inverted at the back of the camera at the film plane 
and held in place with thin tape (Fig 1). An identical film 
grid is placed on the pentaprism housing of the camera to 
allow accurate alignment of the subject preoperatively and 
postoperatively. All photographs are taken using the same 
magnification ratios and hence the same already-deter- 
mined distance. Accurate objective measurements and 
comparisons are obtained (Fig 2). The vertical scales 
shown may be used for blepharoptosis, lid lowering sur- 
gery, etc, and similar horizontal scales are used for docu- 
mentation of lid tumors, trauma, and reconstructive proce- 
dures. 

This method has been useful in measuring levator 
function in young children because they are not distracted 
by a ruler close to the eye. To accurately measure levator 
function, the brow action must be controlled and the center 
of the range finder must not move. It may be difficult to 
visualize the ruler lines when they are superimposed on 
the dark pupil. This setup would only be useful for a 
predetermined fixed magnification (two eyes in our case), 
and another camera would be required for other photo- 
graphs. We have also used this method for photographing 
pathologic specimens where a scale is required to show the 
size of the specimen. 

We accept that the use of the ruler in documenting and 
assessing oculoplastic conditions in the clinic is convenient 
and should continue. Our technique complements this 
assessment by allowing an accurate objective documenta- 
tion. The objective nature of the measurement and its 
repeatability make this method especially suitable for 
assessment and follow-up of oculoplastic cases. 

BHUPENDRA C. PATEL, FRCS 
LAURENCE MORGAN, FRCS 
RICHARD HANCOCK 

London 


Reprint requests to Moorfields Eye Hospital, City Road, London EC1V 
2PD, England (Dr Patel). 
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Scleral-Fixated Intraocular Lenses 


To the Editor.—We read with interest and surprise the 
article by Hu et al' entitled “Implantation of Posterior 
Chamber Lens in the Absence of Capsular and Zonular 
Support.” We are pleased that someone else has used our 
technique,’ or one similar to it, adding to our own experi- 
ence with this type of surgery. 

Unfortunately the authors have forgotten to include our 
article in their reference list, nor have they cited alterna- 
tive reports of techniques used by Drews,’ Simcoe,’ Kaz 
Soong et al,’ Hall and Muenzler,® and Koch.’ 

Our techniques were published in International Ophthal- 
mology Clinics’; they were also presented at the movie 
sessions of the First International Congress in Rome and 
at the Welsh Cataract Congress in Houston in 1986. A 
report has also been accepted and wil! be included in a 
forthcoming book by Ahrensen, and has been presented at 
several Argentine, Venezuelan, Colembian, and Brazilian 
national congresses and meetings, and at the Third Inter- 
national Cataract and IOL Symposium in Rio de Janeiro 
from June 23 to 27, 1987. Also, a video with this technique 
was presented at the IOLAB booth at the 1986 American 
Academy of Ophthalmology meeting in New Orleans. 

During the American Academy of Ophthalmology meet- 
ing in Dallas in 1987 we displayed a scientific poster with a 
photograph of a procedure performed through the limbus 
on a hereditary late and spontaneous lens dislocation in a 
patient with Vogt’s syndrome. 

In our article published in International Ophthalmology 
Clinics we described modifications in the use of a direct 
suture with a double-armed suture. This technique can be 
performed with or without corneal grafting, depending on 
the case. At this writing we have performed 25 procedures 
with more than satisfactory results. 

Furthermore, we have prepared an article on the results 
of these 25 procedures that has been submitted for inclu- 
sion in the Scientific Sessions of the next annual meeting 
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of the American Academy of Ophthalmology in Las 
Vegas. 
We hope that this letter will clarify some aspects of the 

development of these procedures. 
ENRIQUE S. MALBRAN, MD 
ENRIQUE MALBRAN, JR, MD 
AGNACIO NEGRI ARANGUREN, MD 
Buenos Aires 
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In Reply.—Despite an extensive literature survey, we had 
not come across the article by Malbran and colleagues.’ In 
their article they describe three surgical techniques that 
use lens guide sutures for transportation with or without 
permanent fixation of the intraocular lens haptics. Mal- 
bran et al do not mention it, but their lens guide sutures 
make use of a threaded needle lumen, a technique one of 
us? described for the first time in a closed-chamber tech- 
nique for repairing sector iris coloboma and also for iris- 
or scleral-suture fixation of the intraocular lens haptics. 
The first two techniques described by Malbran et al are for 
the secondary implantation of anterior chamber intraocu- 
lar lenses. The third technique is for secondary implanta- 
tion of a posterior chamber intraocular lens, with or 
without combined penetrating keratoplasty. However, the 
description of their third technique in the text as well as in 
the illustration is mainly of posterior chamber lens 
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implantation with combined penetrating keratoplasty. 
Furthermore, they specifically mention that they had no 
experience with posterior lens implantation in those 
aphakic eyes with extensive peripheral anterior synechiae 
or glaucoma. Nevertheless, Malbran and colleagues’ third 
technique of scleral suture fixation through the pars 
plicata, using the threaded needle lumen,” is similar to one 
of our two methods and its mention, together with that of 
the report by Girard, would have been most appropriate in 
our report.‘ 

Malbran and colleagues should be pleased to learn that 
all of the cases reported in our article‘ and several 
subsequent cases were those that were not candidates for 
anterior chamber lens implantation for reasons that 
included extensive peripheral synechiae, preexisting glau- 
coma, and a history of intolerance of an anterior chamber 
lens. 

Finally, we would like to determine whether Malbran 
and coworkers’ actual experience with scleral suture fixa- 
tion of the posterior chamber intraocular lens haptics at 
the ciliary sulcus in the kind of clinical cases we have 
described‘ might have convinced them of its actual as well 
as theoretical advantages over the iris suture fixation as 
described by others.*® 

Donc H. Sum, MD, PHD 
BENJAMIN V. Hu, MD 
YounG J. Honc, MD 
KENDALL A. GIBBS, MD 
Detroit 
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Case Reports 


Long-term Intravitreal Ganciclovir 
for Cytomegalovirus Retinitis in a 
Patient With AIDS 


To the Edttor.—Intravenous ganciclo- 
vir (dihydroxy-propoxymethyl-gua- 
nine, BW 3759U) has shown promis- 
ing results in the treatment of cyto- 
megalovirus (CMV) retinitis in pa- 
tients with acquired immunodeficien- 
cy syndrome (AIDS), although serious 
side effects may prevent its use.'” 
Recently, intravitreal ganciclovir was 
reported tə be effective as a short- 
term treatment in one case.’ Follow- 
ing is a report of one case in which 
this treatment stabilized the disease 
and maintained visual acuity near 1.0, 
thus preserving the patient’s autono- 
my for over nine months. 


Report of a Case.—A homosexual male 
patient 38 years of age was diagnosed as 
having AIDS in November 1985, when he 
developed Pneumocystis carinii pneumo- 
nia. In Maren 1987, bilateral CMV retinitis 
involving the posterior pole and the disc in 
the right ewe and a large sector on the 
nasal peripkery in the left eye was diag- 
nosed by its typical ophthalmoscopic ap- 
pearance. Visual acuity was 0.05 OD and 1.5 
OS. Cytomegalovirus was cultured from 
urine and sava. Treatment with ganciclo- 
vir was defenred until the threat to the left 
macular vision was imminent. Two months 
later the disease had progressed in a 
“brushfire” manner in both eyes and, in the 
left eye, invelved virtually the whole nasal 
retina and part of the disc. Visual acuity 
had fallen tc 0.01 OD but was still 1.5 OS. 
Leukopenia and zidovudine treatment 
made concomitant systemic ganciclovir ad- 
ministratiom unpractical, so intravitreal 
treatment became imperative. Written in- 
formed consent was obtained from the pa- 
tient and the Ethical Committee of the Uni- 
versity of Lausanne (Switzerland) School of 
Medicine approved the procedure. 

Beginning in June 1987, the patient 
received one weekly injection (twice during 
the first week) of ganciclovir (50 uL of a 
4-mg/mL sowtion; injected dose, 200 ug)’ 
into each eye while under topical anesthe- 
sia (1% tetracaine hydrochloride, 4% 
cocaine hydrochloride) as an outpatient. 
There was mo further progression of the 
disease and regression of the lesions was 
obvious in beth eyes after three weeks of 
treatment. Zidovudine treatment was 
stopped because of severe leukopenia. 
After two more months all fundus lesions 
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Fig 1.—Visual fied of left eye by OCTOPUS 
program G1 before treatment. Visual acuity, 
1.5. 


were entirely inactive. Visual activity in 
the right eye decreased to zero despite 
involution of the lesions, so treatment was 
continued in the left eye only, in which 
visual acuity was 1.25. A veil of posterior 
vitritis developed in the left eye in Septem- 
ber 1987, and persisted thereafter without 
much change. 

In October 1987, relapse occurred in the 
form of a few small peripheral foci in the 
left eye. No similar changes were observed 
in the right eye. The injected dose was 
doubled (50 uL of an 8-mg/mL solution, ie, 
400 wg), and activity subsided again. 

In March 1988, visual acuity was 0.9 OS 
and the patient had received a total of 38 
injections into that eye. A small inferior 
vitreous hemorrhage had occurred on one 
occasion, remained without functional con- 
sequence, and reabsorbed. The patient had 
maintained as much autonomy as his gen- 
eral health permitted. 

Visual function was also monitored by 
automated statie perimetry (OCTOPUS 
2001, program G1) on eight occasions dur- 
ing the follow-up. Figures 1 and 2 demon- 
strate the left visual field before and after 
nine months of treatment. 


Comment.—Treatment of CMV ret- 
initis with intravitreal ganciclovir in 
patients with AIDS is presently car- 
ried out on a compassionate basis. Our 
patient’s case corroborates the im- 
pression that this treatment may be 
useful’ even over the long term. One 
weekly injection of 200 ug produced 
satisfactory results at first; four 
months later, when relapse occurred, 





Fig 2.—Visual field of left eye after nine 
months of treatment. Temporal scotoma cor- 
responds to large nasal scar (see text). Visual 
acuity, 0.9. 


we doubled the dose. No substantial 
toxicity was found from a 400-ug dose 
given to rabbits* anc clinical evolution 
to date seems to justify this decision. 

In our patient mvolution of the 
lesions of CMV retinitis during intra- 
vitreal ganciclovir treatment appar- 
ently did not prevent further progres- 
sive deterioration of structures al- 
ready involved but still functional. 
Thus, extensive involvement of the 
posterior pole and disc of the right eye 
led to complete blindness, and partial 
disc involvement of the left eye was 
followed progressively by some deteri- 
oration of the visual field (Figs 1 and 
2). 

Given the tedious modalities and 
complications of intravenous mainte- 
nance therapy,'*a careful risk/benefit 
comparison with intravitreal mainte- 
nance therapy seems warranted. 

ERnst R. BOcHI, MD 
PIERRE L. FITTING, MD 
ALAIN E. MICHEL, MD 
Lausanne, Switzerland 


Ganciclovir was proviced by Wellcome AG, 
Basel, Switzerland, and Syntex Pharmaceuticals 
Ltd, Edinburgh. 


1. Holland GN, Sidikaro Y, Kreiger AE, et al: 
Treatment of cytomegalovirus retinopathy with 
ganciclovir. Ophthalmology 1987;94:815-823. 

2. Orellana J, Teich SA, Friedman AH, et al: 
Combined short- and long-term therapy for the 
treatment of cytomegalevirus retinitis using 


Case Reports 1349 


ganciclovir (BW B759U). Ophthalmology 1987; 
94:831-838. 

3. Henry K, Cantrill H, Fletcher C, et al: Use 
of intravitreal ganciclovir (dihydroxy propoxy- 
methyl guanine) for cytomegalovirus retinitis in 
a patient with AIDS. Am J Ophthalmol 
1987;103:17-23. 

4. Pulido J, Peyman GA, Lesar T, et al: Intra- 
vitreal toxicity of hydroxyacyclovir (BW-B759U), 
a new antiviral agent. Arch Ophthalmol 1985; 
103:840-841. 


Macular Holes and Excellent Visual 
Acuity 


To the Editor.—Lewis et al' recently 
reported the apparent disappearance 
of a macular hole in association with 
changes in an epiretinal membrane. 
We have observed a marked decrease 
in the visibility and apparent size of 
macular holes in two patients, with 
remarkable restoration of excellent 
visual acuity (20/20). 


Report of Cases.—CASE 1.—A 35-year- 
old black man with hemoglobin SC disease 
demonstrated progressive vitreous trac- 
tion bands, peripheral neovascularization, 
and macular epiretinal membranes in his 
left eye. This case has been described pre- 
viously.? Attempts at lysis of vitreous trac- 
tion with the neodymium-YAG laser were 
only partly successful. The patient’s visual 
acuity deteriorated from 20/60 to 20/200 
OS, and in May 1985 he developed a com- 
bined tractional-rhegmatogenous macular 
detachment with a full-thickness macular 
hole (Fig 1). He underwent a vitrectomy 
and membrane-peeling procedure with 
cryopexy to a temporal neovascular frond. 
Subretinal fluid was drained internally 
through the macular hole. Eleven days 
postoperatively, visual acuity was 20/50 
OS. There was a small amount of persis- 
tent subretinal fluid present. During this 
examination, the macular hole was 
observed to be much less prominent. As the 
remaining subretinal fluid gradually 
resolved, the macular hole was noted first 
to be slitlike in appearance, and then the 
hole became barely evident. In April 1987, 
our patient’s uncorrected visual acuity was 
20/20 OS. The left macula demonstrated 
only minimal surface wrinkling, with a 
small central reddish area as the only 
remnant of the hole (Fig 2). 

CASE 2.—A 57-year-old woman was 
referred for evaluation of a macular hole in 
the left eye. She complained of ten months 
of blurred vision in that eye. Best corrected 
visual acuity on Dec 3, 1984, was 20/40+2 
OS, with —8.75 +1.50 x 45°. There was 
trace nuclear sclerosis and mild (1+) pos- 
terior subcapsular cataract. Biomicroscop- 
ic examination of the left fundus showed a 
100-um full-thickness macular hole with 
slight surrounding elevation of the sensory 
retina. An angiogram showed central 
hyperfluorescence characteristic of a mac- 
ular hole. By November 1985, progression 
of the cataract had occurred. Potential 
Acuity Meter and laser interferometry 
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Fig 1.—Case 1. Combined tractional-rhegmatogenous macular detachment is present with 
full-thickness macular hole. During surgery, internal drainage of subretinal fluid took place 
through hole. 


Fig 2.—Case 1. Appearance two years after surgery. Retina is flat, with irregular fovea. Visual 
acuity, however, is 20/20. 





Case Reports 


tests suggesied that vision was potentially 
as good = 20/25 to 20/30 despite a best 
corrected Snellen acuity of 20/60 OS. In 
Novembe 1986, visual acuity had 
decreased to 20/100 OS, and an uncompli- 
cated extracapsular cataract extraction 
with secter .ridectomy was performed. By 
March 1987. visual acuity was 20/20 OS, 
with +4.0® diopters sphere. Her last exam- 
ination was in March 1988, when her visual 
acuity was 20/20-—3 OS. There was no 
evidence ef the macular hole. 
Comment.—The majority of pa- 
tients wih macular holes have visual 
aeuities ranging from 20/100 to 20/ 
400. Vision can be better than this if 
the hole is small or eccentric. Rheg- 
matogeneus retinal detachments sec- 
ondary tə macular holes are rare and 
are after associated with a posterior 
staphyloma and myopia or with condi- 


tions causing significant vitreous 
traction on the posterior retina. Mor- 
gan and Schatz’ found that macular 
holes usually tend to become larger 
with time. Of those that become 
smaller, there is often an associated 
epiretinal membrane. Lewis et al! pro- 
posed that shrinkage of the epiretinal 
membrane in one patient obliterated a 
macular hole by pulling the edges 
together. A similar process may have 
taken place in our first patient follow- 
ing the mechanical relief of vitreous 
traction and removal of part of the 
epiretinal membrane. A remarkable 
return of visual acuity to 20/20 
occurred. It is possible that the origi- 
nal foveal hole was slightly eccentric, 
although we could not confirm this 
clinically. The mechanism of the dis- 


appearance of the classic macular hole 

in the second patient is uncertain. 
ANN E. BIDWELL, MD 
Great Lakes, Ill 


LEE M. JAMPOL, MD 
MorvTon F. GOLDBERG, MD 
Chicago 
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the National Eye Institute, Bethesda, Md. 
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Peripheral Retinal Vascular Lesions 
in a Patient With Gaucher Disease 
and Factor XI Deficiency 


To the Fditor.—Gaucher disease, an 
unusual nherited metabolic disorder, 


>. 





is characterized by excess storage of 
glucocerebrosides. Patients with type 
I disease are free of neurologic 
involvement. Fundus abnormalities in 
Gaucher disease include reported reti- 
nal hemorrhages and edema, as well 
as a solitary posterior pole lesion with 


ow 





Fig 1.—Left, Posterior pole of left eye showing hemorrhage layering 


inferior to sentral macula, with normal disc and retinal vessels. Right, 
dus of left eye showing three elevated yellow-orange 
lesions partly obscured by surrounding preretinal and vitreous hemor- 


Temporal 


rhage. 


Fig 2.—Late-phase fluorescein angiogram demonstrating leakage from 
three peripheral lesions shown in Fig 1, right. 
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a pigmented temporal margin. Macu- 
lar cherry-red spots have been 
described, but the validity of these 
observations has recently been chal- 
lenged.' Granular opacities in a ring- 
shaped distribution around the fovea 
of one patient have also been noted. 
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Scattered whitish spots in superficial 
retinal layers have been reported, 
most often in patients with neurologic 
involvement.! 

Patients with factor XI deficiency 
often show posttraumatic and peri- 
operative bleeding, but spontaneous 
hemorrhage is not common. We are 
unaware of any fundus abnormalities 
reported in association with this 
inherited coagulation disorder. 

We report three discrete vascular 
lesions in the peripheral fundus of a 
patient with type I Gaucher disease 
and factor XI deficiency, which likely 
represent retinal angiomas. 


Report of a Case.—A 32-year-old man 
with type I Gaucher disease and factor XI 
deficiency presented with a sudden, spon- 
taneous loss of vision in the superior visual 
field of his left eye. Ocular history was 
unremarkable. Delayed growth, hip pain, 
hepatosplenomegaly, and anemia had 
occurred during childhood. The diagnosis 
of type I Gaucher disease was made on 
clinical grounds and by histologic and his- 
tochemical examination of the patient’s 
spleen following splenectomy at 9 years of 
age. He underwent bilateral hip replace- 
ments as a young adult; marked postopera- 
tive bleeding led to the discovery of factor 
XI deficiency. 

Visual acuity was 20/25 OD and 20/25+3 
OS. The anterior segments and the right 
fundus were normal, but the left fundus 
showed a large preretinal (subhyaloid) 
hemorrhage, layering inferior to the macu- 
la, with extension into the vitreous tempo- 
rally. Three small, raised, amber lesions 
were visible in the temporal periphery 
amid surrounding hemorrhage. No other 
peripheral fundus abnormality was noted. 
Fundus photography (Fig 1) and fluores- 


cein angiography (Fig 2) were performed. 
The latter revealed extensive leakage from 
three discrete areas in the peripheral tem- 
poral retina of the left eye; overlying hem- 
orrhage obscured details of surrounding 
vasculature. Ultrasonography revealed a 
high amplitude interface near the 3-o’clock 
meridian, which was felt to represent reti- 
nal thickening with subretinal exudates; a 
layer of mobile subhyaloid echoes was also 
noted. 

Persistent dense vitreous hemorrhage 
subsequently developed in the patient’s 
left eye. Repeated ultrasound examination 
performed two months later revealed vit- 
reous debris and persistent thickening of 
the retinal/choroid layer temporally. 
Before a scheduled pars plana vitrectomy, 
the patient died suddenly of a presumed 
massive intra-abdominal hemorrhage. Au- 
topsy examination was not performed. 


Comment.— By virtue of their clini- 
cal appearance, proximity to fresh 
hemorrhage, and extensive dye leak- 
age seen on angiography, the fundus 
lesions in this patient most likely rep- 
resented retinal angiomas. They 
shared certain characteristics with 
capillary hemangiomas and with the 
more recently described presumed 
acquired retinal hemangiomas 
(PARHs). 

The lesions seen in our patient sug- 
gest capillary retinal hemangiomas 
based on their color, size, location, 
multiplicity, and dye leakage pattern.” 
However, no evidence of systemic 
hamartomas was found in this patient 
or in his family history. The PARHs 
have recently been deseribed by 
Shields et al’ as unilateral, solitary 
vascular lesions of the peripheral 


Currently In Other AMA Journals 


ARCHIVES OF NEUROLOGY 


Impaired Visual 
Carbamazepine 


Contrast Sensitivity 


temporal retina; these yellow-red, ele- 
vated lesions lack dilated tortuous 
feeder and drainer vessels, often show 
associated intraretinal and vitreal 
blood, and leak dye during fiuorescein 
angiography. No evidence of neurolog- 
ic disease, systemic hamartomas, or a 
unifying systemic disorder was found 
in these patients. The lesions in our 
patient were similarly unilateral and 
peripheral but were multiple. Feeder 
and drainer vessels were not visual- 
ized; histologic diagnosis was not pos- 
sible. Other peripheral retinal vascu- 
lar lesions to be considered in the 
differential diagnosis of these lesions 
(as in the case of PARHs) include 
choroidal melanoma, peripheral exu- 
dative hemorrhagic chorioretinopa- 
thy, and disorders producing pseudo- 
angiomas secondary to peripheral 
proliferative retinopathy. 

To our knowledge, this is the first 
report of peripheral vascular retinal 
lesions in a patient with type I Gau- 
cher disease and factor XI deficiency. 
The relationship of this patient’s reti- 
nal disease to his inherited disorders 
remains obscure. 

SHARON FREEDMAN, MD 
CARMEN A. PULIAFITO, MD 
Boston 
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Case Reports 


“The way I see it, 


I control every cataract surgery I perform 
by expecting the unexpected. 


But when it happens, 
the procedure takes longer. 


I sweat a little more. 


My heart beats a little faster” 


= ALLERGAN PHARMACEUTICALS 


Ocuten’ helps yo 


(flurbiprofen sodium) 0.03% 


Liquifilm® sterile ophthalmic solution 


Zonular breaks, capsular tears, and vitreous 
loss—unexpected threats during cataract 

surgery. 
The trauma of rea RA triggers the release 


of prostaglandins in ocular tissues. That natural 
response, me with other significant effects on the 
eye, inevitably produces some degree of progressive 
miosis. The a result? The potential risk of 
complications, and a ie that takes longer. 
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Ocufen preserves your visual field. 

Since Ocufen helps keep the pupil larger, you 
havea better view of the posterior chamber. So you 
can safely and thoroughly remove the lens nucleus 
and cortical material. . .effectively position and insert 
the IOL. ..and reduce the risk of ocular trauma and 
complications. Ocufen gives you a new measure of 
control over the unexpected. 


“Can I manage a smaller pupil? Yes. 


But would I rather see a larger pupil? Of course. 
Thats why I use Ocufen.’ 


Please see brief summary of prescribing information on the next page. 








Without Ocufen 
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Miosis can pose difficulties 
in locating and removing 
residual cortical material. 





IOL insertion through a 
small pupil may prove 
difficult. 


Repeated manipulation of 
the iris may occur during 
phacoemulsification, when 
miosis has developed. 


With Ocufen 
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Residual cortical material 
may be easily located and 
removed. 





IOL insertion and position- 
ing within the capsular bag 
is facilitated. 


Potential risk of iris insult 
and other ocular trauma is 
decreased. 


Ocufen’ helps 


(flurbiprofen sodium) 0.03% 


Ocuten’ 


(flurbiprofen sodium) 0.03% 


Liquifilm® sterile ophthalmic solution 


INDICATIONS AND USAGE 
Ocufen is indicated for the inhibition of intraoperative miosis. 


CONTRAINDICATIONS 
Ocufen is contraindicated in epithelial herpes simplex keratitis (dendritic keratitis) 
and in individuals who are hypersensitive to any components of the medication. 


WARNINGS 
There exists the potential for cross-sensitivity to acetylsalicylic acid and other 
nonsteroidal anti-inflammatory drugs. Therefore, caution should be used when 
treating individuals who have previously exhibited sensitivities to these drugs. 


PRECAUTIONS 
General: Patients with histories of herpes simplex keratitis should be monitored 
closely. Ocufen is contraindicated in patients with active herpes simplex keratitis. 


Wound healing may be delayed with the use of Ocufen. 


Drug interactions: Interaction of Ocufen® (flurbiprofen sodium) 0.03% Liquifilm® 
sterile ophthalmic solution with other topical ophthalmic medications has not been 
fully investigated. 


Although clinical studies with.acetylcholine chloride and animal studies with acetyl- 
choline chloride or carbachol revealed no interference, and there is no known pharma- 
cological basis for an interaction, there have been reports that acetylcholine ante 
and carbachol have been ineffective when used in patients treated with Ocufen. 


Carcinogenesis, mutagenesis, impairment of fertility: Long-term studies in mice 
and/or rats have shown no evidence of carcinogenicity or impairment of fertility with 
flurbiprofen. 


Long-term mutagenicity studies in animals have not been performed. 


Pregnancy: 
Pregnancy category C. Flurbiprofen has been shown to be embryocidal, delay 
parturition, prolong gestation, reduce weight, and/or slightly retard growth of fetuses 
when given to rats in daily oral doses of 0.4 mg/kg (approximately 185 times the human 
daily topical dose) and above. There are no adequate and well-controlled studies in 
Here women. Ocufen should be used during pregnancy only if the potential 

nefit justifies the potential risk to the fetus. 


Nursing mothers: It is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk and because of the potential for 
serious adverse reactions in nursing infants from flurbiprofen sodium, a decision 
should be made whether to discontinue nursing or to Thiene the drug, taking 
into account the importance of the drug to the mother. 


Pediatric use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 
The most frequent adverse reactions reported with the use of Ocufen are transient 
burning and stinging upon instillation and other minor symptoms of ocular irritation. 


It is known that some systemicabsorption does occur with ocularly applied drugs, and 
that nonsteroidal anti-inflammatory rugs have been shown to increase bleeding time 
by interference with thrombocyte aggregation. There have been reports that ocularly 
applied Ocufen may cause an increased Bleeding tendency of ocular tissues in con- 
junction with surgery. It is recommended that Ocufen be used with caution in surgical 
patients with known bleeding tendencies or who are receiving other medications 
which may prolong bleeding time. 


you control the unexpected. 


Liquifilm® sterile ophthalmic solution 
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The new EOL Laser Indirect 
Delivery System produces 
superior magnification withou 
fundus image distortion. 


Treat patients in your office, 
operating room, or on an out- 
patient basis. Patients can be 
in a supine or reclined positio! 
during the treatment. 


Cost Effectiveness- 


The EOL Laser Indirect 
Ophthalmoscope can be gas 
Sterilized. 


Safety Features- 


An optically controlled safety filte 
protects your eyes during laser 
operation. 


Treatments- 


e Pneumatic Retinopexy 

e Scleral Buckel 

e Cloudy Vitreous Cavity 
Situations 

e Particularly useful with 
Pediatrics 


This new technology is only 
available from EOL, Inc. 
Call (615) 482-4239 for more 
information. 


EOL, Inc. i—} 


Optical Systems for Medicine & Technology 
701 Scarboro Road Oak Ridge, Tennessee 3 





(615) 482-4239 FAX 483-0941 *U.S. Patent Pe 


HCFA Mandates Preapproval for Cataract Surgery 


CHICAGO—Cataract surgery is among ten high-volume, elective 
procedures targeted by the Health Care Financing Administra- 
tion (HCFA) for presurgery peer review. This applies to all 
outpatient and inpatient hospital facilities as well as certified 
ambulatory surgery centers. Noncertified centers and physician 
offices are not subject to review. 

Twelve states will begin Peer Review Organization (PRO) 
preapproval of cataract surgery before Dec 1, 1988. The remaining 
states will follow a similar course before June 1, 1989. Seven of the 
12 original states already have received commitment letters from 
the Medicare program and may begin presurgery peer review 
after Oct 1, 1988. These states include Rhode Island, Delaware, 
Missouri, Nebraska, Montana, Wyoming, and Washington. 

The five remaining states due to sign PRO contracts by Oct 1, 
1988, are Kentucky, South Carolina, Indiana, Oklahoma, and 
Nevada. California and New Jersey were originally part of this 
first group but were granted extensions to April 1, 1989. PROs 
generally are given 45 days from the start of their contracts to 
develop and implement new review guidelines and procedures. 

The high volume and cost to the Medicare program is the reason 
behind this step. About 1 million cataract operations are per- 
formed each year; nearly all the patients are Medicare recipients. 
Surgeons’ fees for cataract extraction with a lens implant are 
about $1600.! The Medicare program has 31 million elderly and 
disabled beneficiaries and will spend about $85 billion in 1988, 
almost 20% of the total US health care expenditures. 

The purpose of the preapproval contracts is to determine the 
medical necessity and quality of the services as well as the 
appropriateness of the setting. The peer review programs funded 
by the HCFA were started as watchdog agencies to ensure 
high-quality patient care in the most economical settings. Con- 
gress has allotted more than $300 million for two-year PRO review 
contracts and has approved awarding three-year contracts as part 
of the third cycle of PRO contracting. PROs function on a 
statewide basis, using physicians from within the state. Local 
physicians have proved to be the best judges in determining fees 
for a particular geographical area. 

The American Academy of Ophthalmology (AAO) reports that 
some state PROs are in the process of developing presurgery 
review systems that require a written request by the surgeon. The 
request would be answered by mail or telephone within three to 
five working days, and then be sent back to the physician with 
either an approval code number or a denial. Medicare insurance 
carriers will be given the list of procedures subject to PRO review 
and will be advised to pay only for those claims that have an 
approval code. 

Nurse reviewers at the PROs will make decisions based on 
criteria that will be applied to each request. Cases not meeting the 
criteria will be referred back to the physician for review approval 
or denial. Criteria and review methodology will be designed by the 
PROs and subject to scrutiny by Medicare’s central office. 

Dr Charles Slonim, Clinical Assistant of Ophthalmology at the 
University of South Florida, and a specialist in ophthalmic plastic 
surgery, believes that the new PRO contracts will “create a 
bottleneck for cataract surgery.” 

Many physicians who have the capability of performing surgery 
on the same day a diagnosis is made may not be able to do so, 


Michael D. Springer, Section Editor 
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Slonim says. “Depending upon the state, there may be a two- to 
three-day waiting period.” 

Slonim suggests that a telephone system be set up using an 800 
number where physicians could call in and obtain immediate 
approval for surgery. However, he is concerned that even a system 
such as this would not be able to handle the volume of requests 
since there are nine other surgical procedures to consider. “In 
Florida alone, there are 70000 cataract procedures done each 
year,” Slonim explains. “If the phone lines were open six days a 
week, that would be 200 to 300 calls a day.” 

The need for guidelines and quantifiable measurements is 
another concern of Slonim’s. He has submitted some guidelines 
for cataract surgery to the AAO, but they were returned as being 
too vague. “There are nurse reviewers and they need more specific 
guidelines to make decisions,” Slonim says. 

For example, he explains, some nurses might not understand 
glare testing since the testing machinery is not standardized. It 
would be more cost-effective if there was a consistent test result 
for approval, Slonim says. 

Slonim believes that the preapproval process may serve as a 
deterrent to the 5% to 10% of unnecessary cataract surgeries he 
estimates are performed. But he cautions that it may breed a 
different kind of problem—longer office lines and shorter charts. 
“This could breed falsification of charts, and this needs to be 
brought to the attention of the PROs.” He explains that all a 
physician would have to do to justify his cataract surgery would be 
to call in the right criteria, and since only a small number of 
physicians’ records are actually checked, the records could be 
inaccurate. “A physician is not going to call in for approval when 
he knows he doesn’t have the correct criteria,” Slonim says. 

“The best way to avoid unnecessary cataract surgery is by 
having the patient randomly select a physician for a second 
opinion. No physician wants someone else looking at their patient 
and saying that their diagnosis is wrong.” 

The deadline for PRO preapproval in Florida is April 1, 1989. 
Slonim is waiting to determine how the states with earlier 
deadlines are going to handle the new contract and the problems 
they encounter. 

Trisha Booth of the HCFA does not foresee the same problems 
as does Slonim. In fact, she views the new preapproval process as 
aiding the system and serving as a safeguard against unnecessary 
surgeries. “It'll put to bed the fears of patients,” Booth explains. 
They can be certain as to whether they need surgery, and, it is 
hoped, the program will produce some meaningful data. The 
administration also can be assured that there are no unnecessary 
surgeries. 

Booth does not view surgical delays as a problem, since she is 
uncertain whether performing surgery on the same day as the 
diagnosis is made is necessarily advisable: “Patients should be 
medically cleared before undergoing surgery.” She is concerned 
that patients are not fully cleared if the surgery is done the same 
day. 

The first phase of the preapproval PRO goes into effect this 
month. A close watch is sure to be kept on the success of the 
program to see if preapproval is going to prove itself worth- 
while. 

JULIE FOREMAN 


1. Springer M: Preliminary injunction denied; curb on surgical assistants 
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Book Reviews 


Edited by Daniel M. Albert, MD 


The National Acvisory Eye Council 
Vision Research: A National Plan 1987 
Evaluation and Wpodate, 354 pp, Be- 
thesda, Md, USDesartment of Health and 
Human Services, Public Health Service, 
National Institutes of Health, (free). 


The National Advisory Eye Council 
and staff of the National Eye Institute 
(NEI), Bethesda, Md, have, since 1975, 
published a series of comprehensive 
national vision plans. These plans 
were designed to establish and imple- 
ment programs and policies of the 
NEI and to guide decision making by 
both staff and the Council. This vol- 
ume represents an attempt by the 
Advisory Council and NEI staff to 
evaluate the implementation of the 
1983-1987 plan. The book is divided 
into five sections eorresponding to the 
major programs of the NEI: “Retinal 
and Choroidal Diseases,” “Corneal 
Diseases,” “Cataract,” “Glaucoma,” 
and “Strabismus, Amblyopia, and 
Visual Processing.” 

Each program is further divided 
into subprograms focusing on specific 
visual diseases, processes, or func- 
tions. 

Since the NEI supports 85% of the 
vision research in the United States, 
the material in this volume represents 
an exceedingly accurate picture of 
eurrent vision research in the United 
States. Each program was reviewed 
by a distinguished panel of vision 
scientists and presents a succinct 
summary of the status of research. 

Of greater interest, however, is that 
the panels also identified developing 
areas of researeh and evaluated the 
current relevance of the program pri- 
orities enunciated in the 1983-1987 
plan. Where appropriate, the panels 
have made recommendations for 
changes thatare reflected in the num- 
ber and types of grants they believed 
should be awarded. 


“..an exceedingly accurate 
picture of current vision research 
in the United States.” 


Any volume that attempts to evalu- 
ate a large national research program 
in terms of numbers of grants, dollars 
awarded, and percentages could be 
very dull reading indeed; not so here. 
Individuals planning a career in 
visien research (as well as those more 
experienced) will find the textual 
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material exceedingly informative in 
that it specifies areas of research that 
the National Advisiory Eye Council 
has identified for preferential fund- 
ing. However, no one should be misled 
into thinking that the NEI will fund 
poorly thought out research. Indeed, 
the introduction emphasizes that the 
NEI will continue to fund research 
projects that are judged to be of 
highest scientific merit, regardless of 
whether or not they fit into one of the 
program priorities. 

Beyond that, the NEI will, all things 
being equal, give preference to those 
studies that are of high program rele- 
vance. This system has been used by 
National Institutes of Health adviso- 
ry councils for years and should come 
as no surprise to those in the field. 

The National Advisory Eye Council 
and the NEI staff are to be congratu- 
lated for the tremendous effort they 
have expended on behalf of the vision 
community in enunciating where the 
Institute has been and where it would 
like to go. We can only look forward to 
future volumes in this series to see 
how well the National Plan is being 
met. 

AL BORSEGHINI, PHD 
Boston 


a 
O 
Atlas of Ophthalmic Surgery, Vol- 
ume Il: Cornea, Glaucoma, Lens, 
edited by Douglas Koch and George 
Spaeth, 268 pp, with illus, New York, 


Thieme Medical Publishers Inc, 1987, 
$137.95. 


This is the second volume in a 
three-volume series. The first volume 
covers lids, orbits, and extraocular 
muscles, and the second covers retina 
and vitreous. This book was designed 
to provide beginning and experienced 
ophthalmic surgeons with clear, con- 
cise descriptions of anterior segment 
surgical procedures, and it achieves 
this goal. For a multiauthored text it 
is well organized and consistent in 
both quality and format. 

Individual chapters were written by 
18 accomplished ophthalmic surgeons. 
The main contributors include David 
Paton, MD, Herbert Kaufman, MD, 
Marguerite McDonald, MD, George 
Spaeth, MD, Klaus Heilmann, MD, G. 
O. H. Naumann, MD, Douglas Koch, 
MD, C. Steven Foster, MD, and David 


Mark, MD. A great attribute of the 
book is that all 56l illustrations were 
created by a single artist, which 
enhances the cohesiveness of the book. 
The many black-and-white drawings 
in each chapter are of first-rate quali- 


ty. 


“The drawings alone make this 
book worthwhile.” 


The book is divided into five main 
sections: cornea, ehamber angle, cili- 
ary body, lens, and cerneoscleral lac- 
erations and anterior segment recon- 
struction. Within each section the 
typical individual chapters cover sur- 
gical principles, preparation for sur- 
gery, preoperative medication, instru- 
ments, surgical technique, modifica- 
tions, complications, and postopera- 
tive management. A brief bibliogra- 
phy is also provided at the end of each 
chapter. 

The realm of anterior segment pro- 
cedures covered in this volume is fair- 
ly complete. The most emphasis is 
given to the deseription of chamber 
angle and lens precedures. While 
there are six chapters in the ciliary 
body section, there are only three in 
the cornea section. I would have liked 
to have seen discussion of some of the 
more contemporary procedures, such 
as epikeratophakia and myopic kera- 
tomileusis. While om the whole the 
book is quite current, there are a few 
exceptions to this, such as the chapter 
of intracapsular cataract extraction 
with iris-supported posterior chamber 
lens implantation. 

The great majority of the book is 
extremely useful and covers both com- 
mon and less-used surgical procedures 


in sufficient detail. Topics discussed 
include both penetrating and lamellar 
keratoplasty, racial keratotomy, tra- 
beculectomy, argon and neodymium- 
YAG laser procedures, and intracap- 
sular and extracapsular cataract 
extraction with various types of lens 
implantation. 

This is an authoritative book that is 
valuable for residents who are learn- 
ing as well as for more experienced 
surgeons who want to review proce- 
dures that they co not commonly per- 
form. The drawimgs alone make this 
book worthwhile. 

RONALD E. P. FRENKEL, MD 
Boston 
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News and Comment 


Fight For Sight Inc Scientific Awards 
Program Announced.—Applications 
are available for the following pro- 
grams in ophthalmic and vision 
research under the 1989 Fight For 
Sight Awards Program, administered 
by the Association for Research in 
Vision and Ophthalmology. 

1. Grants-in-aid for research pro- 
jects, stressing pilot and feasibility 
projects, with awards of $1000 to 
$10 000. 

2. Postdoctoral fellowships, with 
maximum awards of $12000. 

3. Student (summer) fellowships, 
with maximum awards of $400 per 
month. 

The deadline for receipt of complet- 
ed applications will be March 1, 1989. 
Starting dates are July 1 or Sept 1, 
1989, and June 1, 1989, for student 
fellowships. For further information 
and application forms (indicate cate- 
gory desired), write to: Fight For 
Sight Inc, Box 474, 601 N Broadway, 
Baltimore, MD 21205. 


RPB Special Scholars Awards.— 
Research to Prevent Blindness Inc is 
now accepting nominations for five 
Special Research Scholars Awards to 
be granted this spring. The Dolly 
Green Scholars Award (made possible 
by a permanent endowment fund) is 
again being offered in the amount of 
$60000. Special Scholars Awards 
named in memory of Olga Keith 
Weiss, in the magnitude of $30000, 
and in memory of Robert E. McCor- 
mick and James S. Adams, in the 
amount of $25 000 each, are also avail- 
able. These four awards are intended 
only for American scientists. 

In addition, an award named in 
memory of William and Mary Greve, 
in the amount of $45 000, continues to 
be offered on an international basis to 
either American or foreign scientists. 
Applications, along with supporting 
documents, must be submitted in 
English. 

Only one nomination from any sin- 
gle department of ophthalmology is 
acceptable and must be submitted by 
the department head and received 
before March 1, 1989. 

For specific application informa- 
tion, contact Marilyn Janulet, Re- 
search to Prevent Blindness Inc, New 
York (212) 752-4333. 


Pioneer in Laser Ophthalmology to 
Receive Institute’s Schawlow Award.— 
Francis A. L’Esperance, Jr, MD, New 
York, will receive the Arthur L. 
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Schawlow Award from the Laser 
Institute of America (LIA) at the Sev- 
enth International Congress on Appli- 
cations of Lasers and Electro-optics, 
Oct 30 to Nov 4, 1988, in Santa Clara, 
Calif. Dr L’Esperance, an LIA mem- 
ber, is professor of clinical ophthal- 
mology at the Columbia University 
College of Physicians and Surgeons, 
and is on staff at Columbia-Presbyte- 
rian Medical Center, New York. 





Francis A. L’Esperance, Jr, MD. 


The Schawlow Award was estab- 
lished by the LIA in 1982 to recognize 
individuals who have made distin- 
guished contributions in applications 
of lasers for science, industry, or edu- 
cation. The award honors the first 
recipient, Arthur L. Schawlow, MD, 
1981 Nobel laureate in physics, and 
consists of a 3-in silver medal, a cash 
prize of $1000, and an appropriate 
citation. 


Obituaries 


ABERNETHY, Rodney E., 66, San 
Mateo, Calif; University of California 
School of Medicine, San Francisco, 
1946; residency, Moffitt University of 
California Hospitals, 1951; certified 
by the American Board of Ophthal- 
mology; died March 20, 1988. 


CARROLL, James Robert, 56, Tulsa, 
Okla; University of Oklahoma College 
of Medicine, Oklahoma City, 1959; res- 
idency, University of Texas Medical 
Branch Hospitals, Galveston, 1963; 
certified by the American Board of 
Ophthalmology; died May 28, 1988. 





GROSSMAN, Erwin Edward, 77, Mil- 
waukee; University of Wisconsin Med- 
ical School, Madison, 1935; residency, 
University of Illinois Hospital, Chica- 
go, 1941; certified by the American 
Board of Ophthalmology; died May 12, 
1988. 


LEWIS, Philip M., 89, Memphis; Uni- 
versity of Virginia School of Medicine, 
Charlottesville, 1920; certified by the 
American Board of Ophthalmology; 
died May 28, 1988. 


LOEWENSTEIN, Hans G., 72, Pitts- 
burg, Calif; University of Vienna, 
Austria, 1937; residency, Greens Eye 
Hospital, 1941; died March 28, 1988. 


MALONE, Frank Buren, 90, Lubbock, 
Tex; University of Texas Medical 
School, Galveston, 1924; died May 23, 
1988. 


PARRISH, Richard K., 73, Decatur, 
Ind; Indiana University School of 
Medicine, Indianapolis, 1941; residen- 
cy, Indiana University Medical Center 
Hospital, Indianapolis, 1957; certified 
by the American Board of Ophthal- 
mology; died Jan 4, 1988. 


ROLETT, Daniel Meyer, 88, Greenville, 
SC; University of Bern, Switzerland, 
1930; certified by the American Board 
of Ophthalmology; died April 11, 
1988. 


SMITH, Joseph G., 77, Eureka, Calif; 
University of California School of 
Medicine, San Francisco, 1939; resi- 
dency, Moffitt University of Califor- 
nia Hospitals, 1940; certified by the 
American Board of Ophthalmology; 
died Dee 21, 1987. 


WHITING, Harvey B., 81, North Fer- 
risburg, Vt; University of Vermont 
College of Medicine, Burlington, 1932; 
residency, New York Eye and Ear 
Infirmary, 1945; certified by the 
American Board of Ophthalmology; 
died Jan 28, 1988. 


WORTHEN, David M., 51, Potomac, 
Md; University of Minnesota Medical 
School, Minneapolis, 1961; residency, 
Massachusetts Eye and Ear Infirma- 
ry, Boston, 1968; certified by the 
American Board of Ophthalmology; 
died April 14, 1988. 


WRIGHT, Robert Lee, 56, Sanford, NC; 
University of Maryland School of 
Medicine, Baltimore, 1956; residency, 
Highland View Hospital, Cleveland, 
1959; certified by the American Board 
of Ophthalmology; died May 15, 1988. 
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What Doctors tell us they like 
. about I-Scrub’for the hygienic 
care of blepharitis 


“Cleared up chronic complaints of burning, irritation, redness, 
and cloudy vision within 10 days.” 


“My patient had a classic case of blepharitis - couldn’t wear make-up and was 
photophobic. But after two weeks with [-Scrub, all symptoms simply disappeared.” 


‘Compliance is excellent, the instructions are easy to follow.” 


‘Also does an incredible job of removing eye make-up so | 
routinely recommend it to my contact lens wearers.” 


“I keep a supply for use here in the office and then 
send the kit home with the patient.” 


You and/or your pharmacist 






l-Scrub is the new eyelid 





ia cleanser developed by an eye Me can get ordering information 
“in t ’ 
dector tor the hygienic care of "N and a copy of our newest price 
acute and chronic blepharitis. Ze, list direct from Spectra by 
Its microbubble sudsing oe xr writing or calling toll free: 
aetion provides remarkably = & __ | 1-800-225-2578 (National) 
thorough removal of oily debris, crusted matter, 1-800-344-3390 (Massachusetts only). 
andeye make-up. It is also hypo-allergenic, pH Spectra Pharmaceutical Services, Inc., 
adjusted, and recommended for sensitive eyes 155 Webster Street, Hanover MA 02339. 
ia 
1 8 FI. Ozs. Extr "Ee Extra Gentle 
; Bee Dran na | Fr Claneer | 
ee Cleanser ingredients: ) sy eyid yee Visit Spectra in 
DSE  Sucaecran erate Omia BOS Booth 545, A.A.O. 
Aii Eanna aai Baa Ach 5, ! Do not retil Grectly ej a Annual Meeting 
À 3 ler S the eye 


and Convention. 


Specially selected ior their wrt jaliy knt-hee descr 





Manutactured for 
BG», Spectra Pharmaceutical Serviese inr 


Western Pennsylvania 


General Ophthalmology 


* Exchange urban hassles for 
advantages of a community 
practice 


Practice includes surgery 
and consults 


Hospital sponsored, includ- 
ing guarantee, office start- 
up, and initial marketing 


Good access to university 
for CME -- 50 miles from 
Pittsburgh 


Write or call Mr. Wson Ross: 


Daniel Stern and Associates 
Suite 240 The Medical Center East 
211 North Whitfield Street 
Pittsburgh, PA 15206 
800/438-2476 
412/363-9700 


Cell Biology /Anatomy 
Biomedical Laser Research 


Ph.D. in anatomy or cell biology to 
head morphology unit of state- 
of-the-art Laser Research Labora- 
tory performing basic and applied 
Studies of laser interaction with 
ocular tissues. Harvard Medical 
School appointment possible. 


Reply to: 

Carmen A. Puliafito, M.D., Director 

Laser Research Laboratory 

Massachusetts Eye and Ear 
Infirmary 

243 Charles Street 

Boston, MA 02114 

(617) 573-3438 


MEEI is an equal opportunity 
employer. 








Faculty Position Open 


Louisiana State University 
Medical Center-Shreveport 
Department of Ophthalmology 


The Department of Ophthalmology at 
Louisiana State University Medical 
Center is seeking a full-time Chief of 
the Ophthalmology Service at the E. A. 
Conway Memorial Hospital in Monroe, 
Louisiana. This position is at the Assis- 
tant Professor level or higher and 
salary is commensurate with training 
and experience. Subspecialty fellow- 
ship is not required. The Louisiana 
State University Medical Center is an 
equal opportunity employer. Send CV 
and inquiries to: 


James P. Ganley, M.D., Dr. P.H. 

Professor and Chairman 

Department of Ophthalmology 

Louisiana State University Medical 
Center 

P.O. Box 33932 

Shreveport, Louisiana 71130 

(318) 674-5012 


Contact B-scan and Standardized diagnostic A-scan (inset) of choroidal malignant melanoma. 





OPHTHALMOLOGIST 


The Kaiser Permanente Medical 
Group. Inc., Sacramento, CA seeks 
a general ophthalmologist. Subspe- 
cialty training in oculoplastic sur- 
gery preferred. Present staff 
includes 11 ophthalmologists to 
serve 375,000 Health Plan Mem- 
bers. 


Send Curriculum Vitae to: 
James E. Hine, MD 
The Permanente Medical 
Group, Inc. 

2025 Morse Avenue 
Sacramento, CA 95825 


EOE 











FELLOWSHIP IN 
COMPREHENSIVE 
OPHTHALMOLOGY 


The Department of Ophthalmology 
at the University of Arizona College 
of Medicine is offering a flexible 
rotating Fellowship in Comprehen- 
sive Ophthalmology. The Fellowship 
rotations can be tailored to accom- 
modate an individual who is pre- 
paring for a career in academic 
ophthalmology as well as an indi- 
vidual who is preparing for a career 
in the general practice of ophthal- 
mology. 
The position is fully funded at the 
PGY-5 level and will begin on July 
1, 1989. Women and minority can- 
didates are encouraged to apply. 
All interested persons should con- 
tact: 
Barton L. Hodes, MD, FACS 
Professor and Head 
Department of Ophthalmology 
1609 North Warren #122 
Tucson, Arizona 85724 


THE UNIVERSITY OF ARIZONA IS AN 
EQUAL OPPORTUNITY EMPLOYER 






























SEEING IS BELIEVING. ® 


PROFESSOR 
ASSOCIATE/ASSISTANT 
PROFESSOR OF 
OPHTHALMOLOGY 


The Department of Ophthalmology 
at the University of South Florida 
College of Medicine is seeking a 
board certified, fellowship trained 
retinal vitreous surgeon. The suc- 
cessful candidate will be clinically 
qualified with a strong interest in 
teaching and research. Send cur- 
riculum vitae, bibliography and a 
letter discussing career goals to: 


William E. Layden, M.D., Chairman 
Department of Ophthalmology 
USF College of Medicine 
MDC Box 21 
12901 Bruce B. Downs Boulevard 
Tampa, Florida 33612-4799 


Application deadline 1/30/89 


An affirmative action equal 
opportunity employer 

































THE BEST B-SCAN IMAGE YOU CAN 
GET. PERIOD. 


It you're looking for the clearest ultrasound resolution, 
there's just one instrument to consider. 
The Cphthascan® ‘S’ from Biophysic Medical. 

Other systems rely on a computer to convert and 
“fill in” the image—leaving you with blurred results. 
Only the Ophthascan ‘S’ gives you a true sector-scan 
representation of the image—with spectacular results. 


THE ONLY STANDARDIZED* 
DIAGNOSTIC A-SCAN. 


Our diagnostic A-scan, incorporated in the same 
instrument, offers unique tissue differentiation for ae 
easy diagnosis. Axial length biometry is also available, E 336 lode 


allowing you to choose the capabilities you need and a : - s A 
<- biophysic medical inc. 


combine them in a single, compact unit. Even if you 
When Only Quality Comes First 


start with B-scan only, you'll be able to add either of 
the A-scan modes later. 
2440 Estand Way, Pleasant Hill, CA 94523-3912 
800-437-7400 In CA 415-680-2890 
Telex: 988108 BIOPHYSIC 


AND IN THE BIOPHYSIC TRADITION, 
UNFAILING PERFORMANCE AND 
SERVICE. 

Find out why the Ophthascan ‘S’ is the undisputed 
world leader in diagnostic ophthalmic ultrasound. 


Call Biophysic Medical today: 800-437-7400. 





OPHTHASCAN'’ 'S' 


2Oe« 






“Standardized by Karl C. Ossoinig, M.D. 


Preservative -free 
dry eye treatment 
has come full circle. 


free Retresh™ Artificial 

"Tears leaves off, new, 

preservative-free 

Refresh™ P.M. Eye 

Lubricant begins, 

maintaining safe, 

comfortable protection 

throughout hé night. 

In a 3.5g, petrolatum- _ 
based ointment, gino eee 
Refresh P.M::rounds out S5 

the only preservative- a 

free regimen for dry, 
irritated eyes: 


New! Preservative-free 
‘Refresh PM. 


-Where apa 


Allergan Pharmaceuticals, A Division of Allergan, Inc. ANIERCAN® 
Irvine, CA 92713 ©1987 Allergan, Inc. 





Editorial 


Optic Nerve Sheath Decompression 


How Does It Work? Has Its Time Come? 


seudotumor eerebri has been reported to cause 
serious unilateral or bilateral visual loss in up to 


25% of patients and lesser degrees of visual impair- | 


ment in up to 50% of patients.'® The mechanism of 
visual field loss may be similar to that in glaucoma. 
In glaucoma, pressure inside the eye presumably 
damages the optic nerve, with loss of peripheral 
visual field. In pseudotumor cerebri, increased sub- 
arachnoid pressure is transmitted via the optic nerve 
sheath to the back of the optic nerve, resulting in 
papilledema, with eventual loss of peripheral visual 
field.’ When medical therapy fails in glaucoma, a 
filtering procedure is often performed. When medi- 
eal therapy fails in pseudotumor cerebri, another 
type of filtering procedure is often performed as a 
lumboperitoneal shunt. In 1971, Vander Ark et al” 
described the use of a lumboperitoneal shunt in the 
successful treatment of patients with pseudotumor 
cerebri who were experiencing progressive visual 
loss.” The 'umbeperitoneal shunt decompressed the 
entire subarachnoid space surrounding the brain, 
secondarily relieving the pressure in the optic nerve 
sheath, with resolution of papilledema and a poten- 
tial improvement in visual function. 





See also pp 1378, 1384, 1391, 1458, and 1463. 





In this issue of the ARCHIVES, three articles dem- 
onstrate the effectiveness of optic nerve sheath 
decompression in the surgical treatment of patients 
with pseudotumor cerebri. Brourman et al” report on 
optic nerve sheath decompression by the medial 
approach in ten eyes of six patients. Sergott et al” 
report on optic nerve sheath decompression by the 
medial approach in 29 eyes of 23 patients. Corbett et 
al” describe optic nerve sheath decompression by the 
lateral orbitotomy approach in 40 eyes of 28 patients. 
Optic nerve sheath decompression was first 
deseribed by de Wecker“ in 1872. From 1872 until 
1972, approximately 46 cases of optic nerve sheath 
decompression were reported,” and from 1972 to 
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1987, approximately 61 additional cases were re- 
ported.'*"” The present three articles report an addi- 
tional 57 cases with 79 optic nerve sheath decompres- 
sions. 

These three articles raise two important questions: 
(1) How does an optic nerve sheath decompression 
work? (2) Is it a more effective surgical treatment 
for pseudotumor cerebri than a lumboperitoneal 
shunt? 


HOW DOES AN OPTIC NERVE SHEATH 
DECOMPRESSION WORK? 


The mechanism by which an aptie nerve sheath 
decompression works has not been elearly defined. 
Some authors have assumed that an optic nerve 
sheath decompression is a simple filtering proce- 
dure. Others believe that an optic nerve sheath 
decompression produces scarring in the subarach- 
noid space around the optic nerve, shifting the 
pressure gradient from the baek of the lamina 
cribrosa to the myelinated portion of the optic nerve. 
Galbraith and Sullivan’ reviewed the literature and 
summarized 46 cases of unilateral optic nerve decom- 
pression performed up to 1972. Many of these cases 
were performed in the early 1900s, with little surgi- 
cal or histologic information. However, in 17 of 26 
cases in which papilledema resolved on the side of 


the optic nerve decompression, papilledema also 
resolved in the opposite eye. In addition, 15 patients 
reported symptomatic relief of intracranial pressure, 
such as resolution of headaches. Thus, it was sug- 
gested that this procedure worked as a filtering 
procedure in many cases. In his classic work on the 
pathogenesis of papilledema, Hayreh"® carried out 
histologic examination of the optic nerve in nine 
monkeys that had undergone optic nerve decompres- 
sion. He found proliferation of connective tissue with 
adherence of the pia, so that no normal space in the 
sheath was present locally where the filtering proce- 
dure had been performed. However, the rest of the 
space was normal. Proliferation af cennective tissue 


Editorial 1365 


was found to be missing in some places and was 
replaced only by a very loose and thin layer of tissue. 
It is not clear whether any of these sites could 
actually have been filtering. 

Davidson” reported several cases of optic nerve 
decompression in 1969 and 1972. Histologic examina- 
tion of the optic nerves showed granulation tissue 
filling the filtering site. It also appeared to fill the 
subarachnoid space. On the basis of these findings, 
_ the author attributed the relief of papilledema to “an 
occlusion of the subarachnoid space by fibroblasts” 
that prevented the transmission of the increased 
intracranial pressure along the subarachnoid space. 
It is unclear whether the granulation tissue was 
capable of filtration. 

In 1977, I and my colleagues” proposed that the 
mechanism of action of optic nerve sheath decom- 
pression was primarily filtration: “We contend that 
the egress of CSF [cerebrospinal fluid] was the 
principal mode of action in these three cases.” In our 
article, we reported histologic examination of a case 
of optic nerve sheath decompression in a patient who 
died 39 days after surgery. There was a patent 
subarachnoid space around the optic nerve. There 
were intact fistulas compatible with the presence of 
a posterior filtering procedure. We also reported two 
other cases of unilateral decompression that pro- 
duced bilateral resolution of papilledema and, in one 
case, a lowering of CSF pressure, again indicating a 
probable chronic fistula. Numerous other authors 
have recently reported cases of unilateral and bilat- 
eral optic nerve decompression. The majority of 
unilateral decompressions do not result in resolution 
of papilledema in the eye that is not operated 
on. However, Hupp et alë agreed with our 
-= theory that the mechanism of successful sheath 
decompression appears to be creation of a fistula. 

The current three articles provide additional 
insight into the mechanism of action. Brourman et 
al” report that four of six patients had relief of 
headache following optic nerve sheath decompres- 
sion. They also studied four patients one day to four 
months after surgery with intrathecal injection of 
iopamidol (Isovue) dye followed by a computed 
tomographic scan. The iopamidol dye completely 
filled the subarachnoid space, with no evidence of 
fibrosis or obstruction in the optic nerve sheath. This 
tends to refute Davidson’s hypothesis that fibrosis 
around the nerve sheath protects the optic nerve in 
the region of the lamina cribrosa. Brourman et al did 
not detect leakage of iopamidol dye from the sub- 
arachnoid space into the orbit, but, as they properly 
point out, small amounts of dye could be leaking into 
the highly vascular orbit and could quickly be 
absorbed into surrounding vascular structures. 
Because they failed to detect leakage one day after 
an exceptionally large fistula, this technique does 
not appear to be very sensitive for the detection of 
leakage. 

In the 29 optic nerve decompressions reported in 
this issue of the ARCHIVES by Sergott et al,!2 17 were 
performed unilaterally and six bilaterally. Twelve of 
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the 17 unilateral cases showed bilateral resolution of 
papilledema and bilateral improvement in visual 
fields. Thirteen of the 17 patients had resolution of 
or improvement in their headache, and nine of these 
13 continued to have improvement of their headache 
without other treatment. 

Corbett et al? reported 40 cases of optic nerve 
decompression. Sixteen were unilateral and 12 were 
bilateral. Of the 16 unilateral cases, nine showed 
resolution of papilledema in both eyes. In addition, in 
ten of the 16 cases there was improvement in head- 
ache by optic nerve sheath decompression alone. 

I believe the hypothesis we put forward in 1977” is 
supported by the evidence presented in these three 
articles. This hypothesis may explain why unilateral 
decompression does not invariably cause resolution 
of papilledema and relief of headaches. The sub- 
arachnoid space is a three-compartment system con- 
sisting of the subarachnoid space around each optic 
nerve and the subarachnoid space around the brain. 
The degree of communication between the orbital 
and intracranial subarachnoid spaces is highly vari- 
able, as shown in autopsy specimens of 20 rhesus 
monkeys and 80 humans by Hayreh." He found dense 
fibrous adhesions in the region of the optic canal, 
“extensive in some, while sparse in others, but a 
communication is found to exist in all.” Thus, the 
subarachnoid space in both optic nerve sheaths is 
protected to some degree by a variable pressure valve 
in the region of each optic canal. We described this as 
a trabecular meshwork around the optic nerve. We 
believe this also explains why patients can have 
asymmetric papilledema in pseudotumor cerebri 
with presumably equal pressure in the entire sub- 
arachnoid space. I suspect that the fibrosis Hayreh" 
and Davidson” demonstrated histologically in their 
cases of optic nerve sheath decompression may not 
have been watertight and, thus, may have allowed 
some degree of CSF egress. 

Sergott et al’ relate that a trabeculated meshwork 
of collagenous and elastic fibers exists in the sub- 
arachnoid space of the optic nerve sheath in the 
orbit. Trabeculations of fibrous tissue appear to exist 
both in the subarachnoid space of the optic canal and 
in the subarachnoid space of the orbital portion of 
the optic nerve and probably contribute to the resis- 
tance, flow, and filtration mechanisms involved in 
this three-compartment system. Therefore, the sur- 
geon should make multiple openings and dissect 
these trabeculations to allow maximum CSF filtra- 
tion. 

The CSF pressure as measured by a lumbar punc- 
ture after optic nerve decompression is frequently re- 
ported to remain elevated despite the resolution of 
headache and associated symptoms of raised intra- 
cranial pressure." However, lowering of the intra- 
cranial pressure following optic nerve decompression 
has also been reported." I believe our hypothesis 
helps explain this phenomenon. Small CSF leaks from 
the optic nerve sheath may not decompress the entire 
subarachnoid space enough to lower the intracranial 
pressure as measured by a lumbar puncture or a 
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Comparison of Optic Nerve Sheath Decompression Results 


Source 


Brourman 
et al’! 


No. of eyes 10 29 40 
No. of patients $64 bilateral, 23 (6 bilateral, 28 (12 bilateral, 
2 unilateral) 17 unilateral) 16 unilateral) 
Visual acuity, 
No. (%) efseyes 
Improved or 107 10 (100) 
same 
Improved 370 (30) 
Same 770 (70) 
Worse a 
Visual field, 
No. (%) ofeyes 
Improveđor 107 10 (100) 
same 
Improved tax 10 (100) 29/29 (100) 21/38 (55) 
Same (0) 10/38 (26) 
0 7/38 (18) 


28/29 (97) 34/40 (85) 


19/29 (66) 
9/29 (31) 
1/29 (3) 


12/40 (30) 
22/40 (55) 
6/40 (15) 


29/29 (100) 31/38 (82) 


Headaches, No. 
(%) of patients 


Decreased 4/5 (67) 13/17 (76) 


4/17 (24) 


2 vemporary 2 temporary 
t1 motility (1 conjunctial 
disturbance, bleb, 
1 transient tonic 1 horizontal 
Dupil); motility 
1 death— cerebral disturbance) 
vasculitis 
{132 eyes with optic 
nerve sheath 
decompression) * 


11/17 (65) 
6/17 (37) 


8 eyes worse or 
deteriorated, t 
16 permanent 
tonic pupils, $ 
1 death 2 wk 
after surgery 


Complicatiens 


21.5 + 12.3 26.9 
(SD) 


Median, mo 16° 





* These data have been updated since the report was written. 

+Systemie conditiems may have caused further visual loss. 

These tonic pupies were seen early in the series, and no tonic pupils were 
seen in the later surgical experience. 


subarachnoid screw.” In the present three articles, 21 


unilateral optic nerve decompressions produced reso- 


lution of papilledema in both eyes with presumed 
loweringof the CSF pressure. However, Sergott et al” 
and Corbett et al did not report any postoperative 
CSF pressures. Brourman et al" reported that one 
patient had a significant decrease in CSF pressure 
following optic nerve sheath decompression. Dr 
Spoor, ome ef the coauthors, related that three 
patients who subsequently underwent optic nerve 
decompression had a rather dramatic decrease in CSF 
pressure postoperatively (patient 1, 480 mm H,O 
preoperatively, 200 mm H,O four months postopera- 
tively; patient2, 300 mm H,O preoperatively, 230 mm 
H,O four days postoperatively; and patient 3, 480 mm 
H,O preeperatively, 230 mm H,O eight days postop- 
eratively) (Thomas C. Spoor, MD, written communi- 
cation, May 23, 1988). 

Thus, while Davidson’s hypothesis that a ring of 
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postoperative fibrosis in the optic nerve sheath may 
protect the optic disc from papilledema may have 
some validity,” I believe the older literature and 
the present three articles support the hypothesis 
that optic nerve sheath fenestration produces local 
decompression of the optic nerve by filtration, with 
variable degrees of decompression of the three- 
compartment subarachnoid system. The degree of 
decompression appears to depend on the resistance 
produced by the trabeculations in the subarachnoid 
space of the optic nerve sheath both in the optic 
canal and in the orbit. 


IS AN OPTIC NERVE SHEATH DECOMPRESSION A MORE 
EFFECTIVE SURGICAL TREATMENT OF PSEUDOTUMOR 
CEREBRI THAN A LUMBOPERITONEAL SHUNT? 


When surgical treatment of pseudotumor cerebri- 
becomes necessary, a lumboperitoneal shunt has 
been considered the treatment of choice in the neu- 
rologic and neurosurgical literature.” Brourman 
et al,” however, state that they now use optic nerve 
decompression as the primary procedure when surgi- 
cal intervention is necessary. Their patient 2 had 
three shunt failures before optic nerve decompres- 
sion was finally successful. They report few compli- 
cations using optic nerve decompression. They men- 
tion that shunting procedures have a mortality rate 
of 7.2% to 16%. However, many of the references 
they cite concern ventriculoperitoneal shunts in 
patients with hydrocephalus, which really have no 
relevance to patients with pseudotumor cerebri and 
lumboperitoneal shunting. Selman et al* and James 
and Tibbs” reported no deaths im 158 shunts using 
modern lumboperitoneal shunting procedures. Sel- 
man et al reported a 14% incidence of shunt-related 
complications, including a 6.9% incidence of shunt 
obstructions. However, this series included a variety 
of patients with neurosurgical problems and only a 
small number with pseudotumor cerebri. In general, 
patients with pseudotumor cerebri would be ex- 
pected to have a very low complication rate from a 
lumboperitoneal shunt. The major problem, as 
pointed out by the present authers, is shunt failure 
from obstruction. 

The Table presents.the operative results from the 
current three articles in a comparative fashion. All 
three articles recommend optic nerve sheath decom- 
pression rather than lumboperiteneal shunt. Sergott 
et al? report on 23 patients, six of whom had had 
lumboperitoneal shunts that failed before the per- 
formance of successful optic nerve decompression. 
Sergott et al report the combined experience at Wills 
Eye Hospital, Philadelphia, and the University of 
Iowa, Iowa City, noting that lumboperitoneal shunt 
failure necessitating shunt revision was the rule 
rather than the exception in patients with pseudotu- 
mor cerebri. However, my personal experience with 
failed lumboperitoneal shunts has not been as poor 
as the experience reported by these authors. Sergott 
et al reported that only two eyes required repeated 
optic nerve decompression, and Cerbett et al” re- 
ported that only one eye required a repeated optic 
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nerve decompression. Brourman et al" did not report 
on any eyes that needed repeated optic nerve decom- 
pression. 

All three authors present some rather dramatic 
results after optic nerve sheath decompression. Ser- 
gott et al’ describe one patient who had only light 
perception in one eye and no light perception in the 
opposite eye for 24 hours preoperatively, but who 
regained 20/20 visual acuity in both eyes despite 
marked optic nerve pallor. In addition, despite preop- 
erative optic nerve pallor in 23 eyes, both visual 
acuity and visual field improved postoperatively. 
Thus, pallor was not a contraindication for surgery; 
however, once pallor developed, only three eyes 
regained 20/20 visual acuity. The appearance of optic 
nerve pallor during medical therapy of patients with 
pseudotumor cerebri may be an indication for urgent 
optic nerve decompression to maximize visual recov- 
ery. 

The mean follow-up in the cases of Brourman et 
al” was relatively short (15.5 months) (Thomas C. 
Spoor, MD, written communication, with updated 
figures, May 23, 1988). However, the mean follow-up 
in the cases of Sergott et al? and Corbett et al was 
21.5 and 26.9 months, respectively, and some of their 
patients have been followed up for 45 months to eight 
years. Kellen and Burde” reported a 13-year follow- 
up for a patient after bilateral optic nerve decom- 
pression. Despite persistently raised intracranial 
pressure, the patient retained a visual acuity of 20/25 
in both eyes with full fields. The dises were flat and 
pink. These results confirm that optic nerve decom- 
pression can be effective on a long-term basis. When 
necessary, as noted in the Table, reoperation can be 
performed. 

The complications of optic nerve decompression, 
previously reported by Hupp et al" in 17 cases, were 
primarily disturbances of ocular motility, horizontal 
tropias, and irregular pupils. Brourman et al" report 
minor transient complications (Table). Dr Spoor 
(written communication, May 23, 1988) related that 
Brourman and colleagues" have updated their 
results with optic nerve sheath decompression to 
include 32 eyes, and they have noted one death eight 
hours postoperatively from a presumed arrhythmia 
in a man with cerebral vasculitis. Sergott et al? 
report only two temporary complications in 29 eyes 
(Table). However, Corbett et al? report that eight 
eyes had vision that was worse postoperatively or 
continued to deteriorate (Table). Several of these 
patients had other systemic problems that may have 
contributed to the visual loss, such as an upper 
respiratory tract infection with loss of vision during 
a severe bout of coughing and sneezing, severe hyper- 
tension, and systemic lupus. In the early experience 
of Corbett et al with the lateral approach, 16 of 40 
eyes experienced permanent tonic pupils. Later, 
when they were still using the lateral approach, this 
complication was not seen. However, permanent 
tonic pupils have rarely been reported in other 
series.'*"*!® Corbett et al also reported one death two 
weeks postoperatively, presumably from a pulmo- 
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nary embolism. This patient had increased intracra- 
nial pressure from a straight sinus occlusion and had 
some type of systemic hematologic abnormality. In 
addition, slight facial scarring does result from a 
lateral orbitotomy. 


RECOMMENDATIONS FOR SURGICAL MANAGEMENT OF 
PSEUDOTUMOR CEREBRI 


When patients with pseudotumor cerebri have 
progressive loss of visual function despite maximum 
medical therapy, including oral diuretics, weight 
loss, and possibly a trial of oral prednisone, a surgi- 
cal procedure should be undertaken. While a lumbo- 
peritoneal shunt is an effective and acceptable oper- 
ation, such surgery may fail and have to be redone. 
Thus, optic nerve sheath decompression may be the 
surgical procedure of choice for those ophthalmic 
surgeons trained in this technique. 

While there are advocates for both the medial 
approach and the lateral approach via an orbitoto- 
my,""*""" it appears that the medial approach may 
be easier to perform, with fewer potential complica- 
tions. If it is not possible to perform an optic nerve 
sheath decompression through the medial route, a 
lateral orbitotomy may be undertaken. However, an 
optic nerve sheath decompression usually works 
regardless of the anatomic approach used. The oper- 
ating surgeon should make the final decision wheth- 
er to perform it medially or laterally. The operation 
should probably be performed unilaterally unless 
there are specific reasons for a bilateral procedure. 
Multiple openings in the optic nerve sheath may be 
necessary to remove the trabeculations in the sub- 
arachnoid space for maximal filtration. If the unilat- 
eral decompression fails to produce resolution of the 
papilledema in both eyes, a second operation can be 
performed on the other optic nerve sheath as soon as 
evidence of worsening occurs in the eye that was not 
operated on. 

Optic nerve sheath decompression is characterized 
by sustained improvement of visual function, a low 
complication rate, and frequent improvement of 
headache. It should probably be performed soon 
after medical therapy fails and progressive visual 
loss has been documented. If chronic atrophic papil- 
ledema and severe loss of visual function are allowed 
to occur, recovery of normal visual function after 
subsequent optic nerve decompression may not be 
possible, }?41213,25,26 

JOHN L. KELTNER, MD 
Sacramento, Calif 


This editorial is dedicated to the late Henry Van Dyk, MD, who 
performed many optic nerve sheath decompressions and pioneered 
the applications of this procedure. 
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Special Article 


Centenary Celebration of 
Fick’s Hine Contactbrille 


Ths year marks the centenary of the clinical 

application of the contact lens. Although previ- 
ous writers had speculated as to the possibility of 
directly neutralizing the cornea with a variety of 
often-impractical optical devices,! it was Adolf Eug- 
en Fick (Figure) who first described the process of 
fabricating and fitting scleral contact lenses—first 
on rabbits, then on himself, and finally on a small 
group of volunteer patients.? 

Fick’s article was originally published in German 
in the journal Archiv fùr Augenheilkunde (current 
title: Graefes Archive for Clinical and Experimental 
Ophthalmology) in March 1888. It was translated by 
Charles May,’ the noted New York ophthalmologist, 
and published simultaneously in the ARCHIVES 
because at that time these were sister journals, both 
of which were edited by H. Knapp and C. Schweig- 
ger. 

The article is truly remarkable since Fick made a 
number of observations and recommendations that 
are still valid today; for example, he suggested that 
contact lenses would be particularly useful for cor- 
recting keratoconus, that adaptation was required, 
that contact lenses cause lacrimation and conjuncti- 
val hyperemia, and that use of sterile solutions and 
contact lens disinfection was desirable. He also 
conducted histologic studies in an attempt to deter- 
mine the basis of lens-induced edema. 

The aim of the present article is to celebrate the 
centenary of Fick’s publication by (1) reproducing 
the manuscript in full, (2) critically evaluating his 
article with the benefit of 100 years of hindsight, and 
(3) correcting some of the errors that have persisted 
in the literature as a result of misinterpretation of 
Fick’s writings by later authors. 


BIOGRAPHY 


Adolf Eugen Fick was born on Feb 22, 1852, in 
Marburg-Lahn, Germany. His mother died in 1855 
and his father died in 1858, leaving Fick to be bought 
up his uncle and godfather Adolf Fick, the famous 
physiologist who wrote a great deal on vision and 
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who undoubtedly nurtured his nephew’s interest in 
this field. 

Fick was described as an average scholar in school, 
and at one time was threatened with expulsion for 
failing to comply with school regulations. After 
fighting in the Franco-Prussian War, he enrolled in 
the Würzburg Academy, where his uncle was profes- 
sor of physiology. Fick completed medical studies 
and subsequently obtained appointments as an assis- 
tant in physiology at Würzburg and then in anatomy 
at Breslau, where he also studied ophthalmology. 

Fick contracted tuberculosis, and decided to emi- 
grate to South Africa in the hope of curing his illness 
in a healthier climate. In 1879 he arrived in the South 
African town of Richmond, which at that time had a 
population of less than 1000 persons. Fick immedi- 
ately purchased an existing general medical clinic 
that quickly developed into a lucrative practice and 
made him relatively wealthy. Fick traveled to 
Germany in 1884 to marry Marie, the youngest 
daughter of the well-known chemistry professor 
Johannes Wislicenus of Berlin. The Ficks soon re- 
turned to Richmond, and their first of eight children, 
Roderich, was born in 1886. 

Due to the ill health of Marie, who was suffering 
from typhoid fever, the Fick family returned to 
Europe later in 1886. They settled in Zurich, where 
Fick practiced ophthalmology in addition to holding 
a faculty position at Zurich University. In September 
1887, Fick, who was then 35 years of age, submitted 
his article entitled “Eine Contactbrille” to Archiv 
fir Augenheilkunde; the manuscript was published 
in that journal in March 1888. At this time, Fick was 
well known for his hospitality among the German 
community and among leading Swiss intellectuals. 

When World War I broke out in 1914, Fick, 
although 62 years of age, volunteered for duty with 
the German army as a medical officer, and he 
commanded military hospitals in France and Russia 
until being taken prisoner of war in the Crimea. On 
his release in 1919, Fick settled in Herrshing am 
Ammersee, a suburb of Munich. An unfortunate fall 
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A. E. Fick (1852-1937). 


while horseback riding resulted in Fick breaking a 
leg that later had to be amputated. This confined him 
to relative inactivity, and Fick subsequently spent 
much ef hs time writing for the lay press. He died in 
Munich om Feb 11, 1937, at 84 years of age.*° 


WHO WAS THE FIRST TO FIT A CONTACT LENS: 
SAMISCH, FICK, KALT, OR MULLER? 


There was a great deal of activity in contact lens 
research st the time Fick published his work, which 
has led to debate as to who should be given the credit 
for being the first to fit a contact lens. 

In their textbook dated 1910, Müller and Müller, 
who were manufacturers of ocular prostheses, 
deseribed a patient referred to them in 1887 by a Dr 
Sämisch. The lower lid of the right eye of this patient 
had been destroyed as a result of carcinoma. Part of 
the upper lid was also missing and the remaining 
portion was thickened, resulting in entropion. The 
left eye was described as being “almost totally 
useless” >ecause of high myopia associated with 
nuclear eataract. A protective glass shell (which is 
defined’ as a contact lens without power) was fitted 
and worn continually day and night for more than 20 
years. This account appears to constitute the first 
case of therapeutic extended wear, although histori- 
cal precedence must, of course, be accorded to the 
journal pablication by Fick, as indeed it was by the 
Müllers tasmselves. 

Graham’ is incorrect in claiming that Fick “. . . de- 
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scribed the first powered contact lenses known to 
have actually been worn.” In his report, Fick 
describes how, following trials on rabbits, he had a 
lens fitted to himself and then fitted a lens to one eye 
of each of six patients. The design of these lenses did 
not incorporate a specified optical power, the inten- 
tion being to neutralize corneal distortions with the 
regular optical surface of the contact lens. 

Although he did not fit powered lenses, Fick 
suggested the possibility of correcting high hyper- 
opia with the contact lens by employing an “... in- 
creased curvature of the glass eornea.” He also 
suggested that high myopia could be corrected by 
having the patient “...wear contact lenses whose 
glass corneæ would naturally want to be correspond- 
ingly less curved than those heretofore used by me.” 
It appears that Fick was suggesting that the curva- 
ture of the lens (presumably front and back surfaces 
simultaneously) be altered to correct ametropia, 
rather than the incorporation of pewer into the lens 
by variation of front surface curvature only. Altering 
the curvature of the lens in the manner suggested 
may have been at least partially successful by way of 
changing the power of the liquid lens between the 
contact lens and cornea, although it is not clear if 
this is what Fick had in mind. 

In a verbal presentation to the Paris Academy of 
Medicine, the transcript of which is dated March 20, 
1888, Professor Photimos Panas, head of the oph- 
thalmology clinic at the Hétel-Dieu, reported the 
work of his junior medical colleague, Eugène Kalt, 
who had applied a glass shell to the eyes of two 
keratoconic patients. Panas acknowledged at the end 
of his report that he was aware of Fick’s article, 
which must therefore be accepted as predating the 
work of Kalt. 

Credit for fitting the first powered contact lens 
must be given to August Miiller, who, in his inaugu- 
ral dissertation,” presented to the faculty of medi- 
cine at Kiel University in 1889, described the correc- 
tion of his own high myopia with a contact lens. 
Müller gave a detailed account of the medical princi- 
ples underlying the powered contact lens. 


WAS FICK AWARE OF EARLIER THEORIES? 


The concept of directly neutralizing the power of 
the cornea has been attributed to Leonardo da Vinci,’ 
although this view has recently been rejected." The 
later writings of Descartes, de la Hire, Young, and, in 
particular, Herschel are suggestive of devices that 
are widely considered to be the forerunner to the 
contact lens.! Fick did not refer to any of these 
theories in his bibliography, and later claimed” to 
have overlooked Herschel’s propesal of improving 
vision due to corneal irregularity by taking “...an 
actual mould of the cornea...impressed on some 
transparent medium. ”” 


DID FICK FIT CORNEAL AS WELL AS SCLERAL 
LENSES? 


Graham? argues that Fick described corneal lenses 
as well as scleral lenses. However, it appears that 
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Graham has misinterpreted Fick’s writings. While it 
is true that the original lens form described by Fick 
was a monocurve, this design was adopted because 
Fick appreciated that the cornea and sclera of the 
rabbit eye are of almost identical curvature. Bearing 
in mind that the diameter of the rabbit cornea is 
approximately 15 mm horizontally and 13.8 mm 
vertically,“ and that these shells had an approximate 
total diameter of between 17 and 19 mm, it is clear 
that they rested on both the cornea and sclera, thus 
fitting as a scleral lens. 

In discussing the method of manufacture of the 
lenses to be used on human eyes, Graham’ assumed 
that the protrusion blown around the plaster cast of 
a cadaver eye represented solely the corneal profile. 
However, it is much more likely that the protrusion 
to which Fick refers is that of the cornea and sclera. 
Certainly, Fick’s description of insertion of the lens 
into his own conjunctival sac, and his reference to 
the liquid between the cornea and lens, is much more 
consistent with a scleral rather than a corneal lens 
construction. 

Graham® also claimed that the descriptions of 
Fick’s lenses by Müller,’ and later O’Rourke,'* are 
those of “true corneal lenses”: however, these 
accounts are consistent with the parameters of the 
shells that Fick used on rabbits. We therefore reject 


the assertion of Graham that “... Fick was the first 
inventor of corneal contact lenses [italics added].” 


THE FULL TRANSCRIPT 


Following is May’s translation of “Eine Contact- 
brille,” which has not been republished in full since it 
originally appeared’ in this journal 100 years ago. 
We have taken the liberty of correcting typographic 
errors that appeared in May’s transcript. At the 
bottom of each page are a number of footnotes in the 
form of explanations or observations of the text. It is 
hoped that by reading the original transcript, practi- 
tioners will gain direct insights into this truly 
remarkable piece of work and will more readily 
appreciate its historical significance. 

NATHAN EFRON, PHD 
Parkville, Australia 


RICHARD M. PEARSON, MPHIL 
London 


We thank Arthur G. Bennett, FBOA (HD), and Gordon L. 
Ruskell, PhD, for their helpful advice. The rare portrait of A. E. 
Fick was kindly provided by Barbara L. Schmidt, whose late 
husband Wilfried unearthed the photograph in Richmond, South 
Africa, where Fick lived for a period. 

Dr Efron was an Honorary Senior Visiting Fellow at The City 
University, London, and was supported by a grant from The 
British Council under the Academic Links and Interchange 
Scheme. 


References 


1. Heitz RF: History of contact lenses, in OH Dabezies Jr (ed): 
Contact Lenses. Orlando, Fla, Grune & Stratton, 1984, pp 1.1- 
1.19. 

2. Fick AE: Eine Contactbrille. Arch Augenheilkd 1888: 18:279- 

9 


3. Fick AE: A contact-lens, May CH (trans). Arch Ophthalmol 
1888;17:215-226. 

4. Schmidt WJ: Inventor of the contact lens lived in South 
Africa. South Afr Optom 1983;42:77-83. 

5. Heitz R: L’invention des lentilles de contact par Adolf Eugen 
Fick. Contactologia 1987;9:113-121. 

6. Müller FA, Müller AC: Das Künstliche Auge. Wiesbaden, 
West Germany, JF Bergmann, 1910, pp 68-69. 

7. Optics and Optical Instruments—Contact Lenses—Vocabu- 
lary and Symbols. Paris, International Standards Organization, 
Document ISO 8320-1986, 1986. 

8. Graham R: The evolution of corneal contact lenses. Am J 
Optom Physiol Opt 1959;36:55-72. 

9. Panas P: Meeting of 20th March. Bull Acad Natl Med 
1888;19:400-401. 

10. Miller A: Brillengliser und Hornhautlinsen. Inaugural dis- 
sertation, University of Kiel, Kiel, West Germany, 1889. 

11. Heitz RF, Enoch JM: Leonardo da Vinci: An assessment of 
his discourses on image formation in the eye, in Fiorentini A, 
Guyton DL, Siegel IM (eds): Advances in Diagnostic Visual Optics. 
New York, Springer-Verlag NY Inc, 1987, pp 19-26. 

12. Fick AE: Jedem das Seine. Arch Augenheilkd 1894;28:422- 
423. 

13. Herschel JFW: Light, section XII, Of the structure of the 
eye, and of vision, in: Encyclopedia Metropolitana. London, 1845, 
vol 4, p 398. 

14. Prince JH, Diesem CD, Eglitis I, et al: Anatomy and 
Histology of the Eye and Orbit in Domestic Animals. Springfield, 
Ill, Charles C Thomas Publishers, 1960. 

15. Miller FE: Uber die Korrektion des Keratokonus und 
anderer Brechungsanomalien des Auges mit Miillerschen Kon- 
taktschalen. Inaugural dissertation, University of Marburg, Mar- 
burg, West Germany, 1920. 


1372 Arch Ophthalmol—Vol 106, Oct 1988 


16. O’Rourke DH: The optical correction of conical cornea with 
the contact glass. Am J Ophthalmol 1929;12:187-191. 

17. Emsley HH, Swaine W: Opthalmic Lenses, ed 6. London, 
Hatton Press, 1951, p 292. 

18. Fick AE: Diseases of the Eye and Ophthalmoscopy. Man- 
chester, England, John K. King, 1902. 

19. Donders FC: On the Anomalies of Accommodation and 
Refraction of the Eye. London, The New Sydenham Society, 1864, 
pp 543-556. 

20. Duke-Elder S, Leigh AG: Diseases of the outer eye: II, in 
Duke-Elder S (ed): System of Ophthalmology. London, Henry 
Kimpton, 1965, vol 8, p 648. 

21. McMonnies CW, Chapman-Davies A: Assessment of con- 
junctival hyperemia in contact lens wearers: I. Am J Optom 
Physiol Opt 1987;64:246-250. 

22. Holden BA, Wilson G, O’Leary D, et al: The closed eye 
‘cesspool.’ Am J Optom Physiol Opt 1987:64:49P. 

23. Efron N, Holden BA, Vannas A: Effect of the prostaglandin 
inhibitor naproxen on the corneal swelling response to hydrogel 
contact lens wear. Acta Ophthalmol 1984;62:746-752. 

24. Weast RC (ed): CRC Handbook of Chemistry and Physics, ed 
64. Boca Raton, Fla, CRC Press Inc, 1983, p D-235. 

25. Terry JE, Hill RM: Human tear osmotic pressure: Diurnal 
variation and the closed lid. Arch Ophthalmol 1978;96:120-122. 

26. Chan RS, Mandell RB: Corneal thickness changes from 
bathing solutions. Am J Optom Physiol Opi 1975;52:465-469. 

27. Lipschütz H: Ueber die Bedeutung der Wasserstoffionen- 
konzentration in Bindehautsack. Klin Monatsbl Augenheilkd 
1929;82:763-769. 

28. Von Rétth A: Ueber die Tranenfliissigkeit. Klin Monatsbl 
Augenheilkd 1922:68:598-604. 

29. Friedman LM, Furberg CD, DeMets DL: Fundamentals of 
Clinical Trials. Littleton, Mass, John Wright-PSG Inc, 1980. 

30. Pergens E: Recherches sur l'acuité visuelle. Ann Oculist 
1906;135:291-313. 

31. Pflüger: Zur Ernährung der Cornea. Klin Monatsbl Augen- 
heilkd 1882;20:69-81. 


‘Eine Contactbrille’-—Efron & Pearson 


A CONTACT-LENS.* 


By Dr. A. EUGEN FICK, Privat-DOCENT IN ZURICH. 
Translated by Dr. CHARLES H. May, New York. 


> MONG the numerous diseases of the cornea, there 


à are many which change its normal form; this results 
in the production of distorted or even completely blurred 
retinal images and accordingly vision suffers. Now there is 
a group of alterations in the form of the cornea, of which 
the bad effects upon vision may be removed by the use of 
glasses; these are cases of regular astigmatism. As is well 
known, they can be optically corrected with appropriate 
cylindrical lenses. The matter begins to be more difficult, 
however, when we deal with the alteration in the form of 
the cornea known as keratoconus. Attempts have been 
made to comrect the optical error due to keratoconus by 
hyperbolic’ and by conical? glasses.” Even though there 
were no mathematical objection to this, the fact remains, 
as Rahlmann himself observed, that whatever improve- 
ment is obtainec in acuteness of vision is lost again, as 
soon as the eye and the hyperbolic lens are no longer 
accurately eentered; therefore movements of the eye must 
be suppressed and replaced by movements of the head; it 
is also a fact, that the practical improvement obtained in 
acuteness of visien is often very insignificant or even ni/; 
this is due, according to Angelucci, to the deviation of the 
corneal axis from the visual line. 

The results of optical correction are, however, entirely 
unsatisfactery in cases in which defects of vision are due to 
irregular cornea! astigmatism.‘ Donders recommended 
the correction of such cases by stenopaeic glasses. He? and 
his pupil, vom Wijngarden,* demonstrated that the 
improvement of vision resulting from the use of stenopaeic 
glasses was often-really astonishing, and that the narrow- 
ing of the visual field did not occasion disturbance of any 
kind in near wsion, as, for instance, in reading and 


a. The title “A @ontact-Lens” was coined by May when he 
translated Ficics original title, “Eine Contactbrille,” for which 
a more literal translation might have been “A Pair of Contact 
Glasses.” The term a contact glass is a description that was 
frequently usec in early literature on scleral lenses but was 
later made obselete by the advent of plastic materials. 

b. These lenses, which essentially had an aspheric form, were 
initially found to be of benefit in one or two cases but 
subsequently proved to be unsatisfactory and accordingly fell 
into disuse.” In his textbook published in 1902, Fick" 
explained that such lenses provided improved visual acuity 
when exactly centered, but off-axis viewing resulted in 
reduced visua. performance. 

c. The concept of irregular corneal astigmatism, and its associa- 
tion with keratoconus, was well established at the time of 
Fick’s report. In his classic textbook, published in 1864, 
Donders” devoted 13 pages to his condition. 


'Rahimanm, Glasereorrection bei Keratoconus. Bericht der ophth. Gesellschaft 
zu Heidelberg, 1879, und Ueber die Verwendung der hyperbolischen Glaser zur 
Correction des Keratoeenus und des unregelmassigen A Stigmatismus. Bericht der 
Dorpater Universitaéts-Amgenklinik, 1881-1882. 

7Angelncei, Sulla sairazione e correzione delle cornee coniche e ectatiche. 
Annali di Ottaim., Bd. xiii., 1884. 

Nederl. Laneet, 1854, D. iii., S. 538. 

‘Gräfe’s Archiv f. Gphth., Bd. 1, S. 251. 

Zurich, September: 1887. 
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writing. For distant vision, stenopaeic glasses cannot be 
used at all, since a patient with a greatly contracted field 
and good central vision would be much worse off than one 
with poor vision and a field of normal extent. Strange to 
say, it seems that Donders’ proposion found no practical 
application—a circumstance which to me seems by no 
means satisfactorily explained by the uselessness of the 
stenopaeic glasses for distant vision. Be this as it may, 
there are undoubtedly many patients to whom neither 
hyberbolic, conical, nor stenopaeic glasses are of service. 

Under these circumstances, searching for another 
means of correcting the different fomms of irregular 
corneal astigmatism cannot be regarded as superfluous. 
Obviously, the most radical means would be to replace the 
cornea by another surface of regular curvature.‘ This can 
actually be done; and I shall demonstrate in these pages 
that I have succeeded in excluding the defective cornea 
from all dioptric influences by a smaall glass shell, and 
thus, without narrowing the field of visien or the field of 
fixation, have increased the minimum acuteness of vision 
from 1/30 to 1/6. As a matter of fact, I could not advise 
the possessor of this eye to use the remedy devised by me, 
and which I call “ʻa contact-lens,”’ continually, because the 
fellow of her imperfect eye was approximately normal. If, 
nevertheless, I publish my views before any patient is 
wearing the “‘contact-lens,”’ it is because, in the first 
place. I am justified in stating that, as the result of my 
studies already engaged in, I have solved the principle of 
the problem of the “‘contact-lens,”’ and, secondly, because 
cases suitable in every respect for the contact-lens will be 
found much more rapidly if other ophthalmologists give 
the matter their attention, than if, as heretofore, I 
continue to search for proper cases among a limited 
number of eye-patients. 

The “‘contact-lens’ consists of a thin glass shell, 
bounded by concentric and parallel spherical segments. It 
is placed upon the eye, and the interspaee between it and 
the eyeball is filled with a liquid having the same 
refractive index as the cornea. Rays of light then undergo 
a certain amount of refraction upon entering the liquid, 
which may be considered as extending forward to the 
anterior surface of the glass shell; but they suffer no 
deviation in their course whilst passing from the liquid 
into the cornea; and thus the irregularities in the passage 
of rays of light from the air into the cornea, which were 
previously produced, must be lost. 

Of course, I began my observations with experiments 
upon animals, in order to ascertain whether and how long 
the eyeball would suffer a contact-lens to be placed upon 


d. Fick appeared to have disregarded or been unaware of the 
possibility of corneal grafting to eliminate irregular corneal 
astigmatism. The technique of corneal grafting was at that 
time still in its infancy, having first successfully been under- 
taken by von Hippel in 1877, according to Duke-Elder and 
Leigh.” 
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it without suffering injury. Large rabbits proved to be 
admirably adapted for these experiments. In one of these 
animals I drew the lids and the nictitating membrane from 
the eyeball and filled the resulting sac with plaster- 
of-Paris of fluid consistence. After hardening, such a cast 
of the eyeball showed that the radius of curvature of the 
cornea did not differ materially from that of the sclera, and 
that the eyeball of the rabbit is pretty nearly a perfect 
sphere.* Then I had small glass globes blown after these 
plastercasts, constantly simplifying the form, until finally 
after many trials I abandoned the use of the casts and 
satisfied myself with obtaining glass vesicles, 21, 20, and 
19 mm in diameter, and with having a segment separated 
from these, the base of which was distant but a few 
millimetres from the equator of the sphere.‘ From a large 
number of such small glass shells* I selected the best- 
fitting one” for each individual rabbit. The introduction of 
the glass shells beneath the lids and nictitating membrane 
is easily accomplished, if the internal canthus be drawn 
forward with sufficient force by means of the thumb 
placed flat upon it, so that the membrane is lifted from the 
eyball. The interspace between the cornea and glass is 
filled with liquid by drawing the upper margin of the glass 
away from the eyeball with a small hook, and allowing the 
requisite number of drops to flow from a pipette into the 
space thus formed. 

After a series of partially unsuccessful attempts, it was 
found that well-fitting glasses need not be held in place by 
the lids at all, since they adhered to the globe. Hence it 
follows, that the glass accompanies the eyeball in all its 
movements beneath the lids, and that not a drop of the 
liquid escapes. As the eye does not become injected and 
the natural cornea is rendered invisible, it is impossible to 
distinguish an eye supplied with the glass from the naked 
eye, unless a careful examination be made.' After six or 
eight hours there is quite a change in the picture, owing to 
milky clouding of the liquid.’ If the glass and the liquid be 
removed it will be also seen that the epithelium of the 
cornea appears slightly clouded and the conjunctiva shows 
moderate injection.“ 

e. Indeed, according to Prince et al,'* the cornea and sclera of the 
rabbit have little or no difference in curvature (approximately 
7.3 mm) and therefore no marked corneoscleral sulcus. 

f. This is, in effect, a monocurve construction with a back optic 
zone radius (base curve) of 10.50, 10.00, or 9.50 mm, with 
corresponding total diameters of approximately 19.00, 18.00, or 
17.00 mm. Since the dimensions of the rabbit cornea average 
15.0 mm horizontally and 13.8 mm vertically,'* this design 
would extend beyond the limbus. 

g. This would seem to be the first use of the term shell, which is 
currently defined’ as an “appliance similar in form to a 
contact lens but not designed to correct vision.” 

h. This is the earliest mention of the practice of fitting from a 
trial set. 

i. Fick is pointing toward the aesthetic advantage of contact 
lenses in that they are inconspicuous on the eye. 

j. The cause of the milky clouding of the liquid behind the lens is 
a matter of speculation, but could possibly have been due to 
excessive lipid secretion from Harder’s gland as a result of 
simulation induced by the shell. This gland, which is found in 
several animal species, excluding humans, is very large and 


occupies much of the lower anterior part of the orbit below and 
medial to the lacrimal gland." 
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The microscope demonstrates that the clouding of the 
liquid depends upon the presence of innumerable fat- 
globules; these are in part of about the size of blood- 
corpuscles, in part, minute nuclei in rapid molecular 
motion. If a drop of the clouded liquid be allowed to dry 
upon a slide and be treated with ether, and then with a 
staining fluid, round cells and epithelial cells,’ which were 
easily overlooked among the numerous fat-globules of the 
fresh preparation, come into view. The round cells are 
usually collected into small groups. The epithelium 
contains many large and small fat globules," within the 
nucleus and in the cell-body. Bacteria are absent in the 
great majority of cases, and when present, there are only 
isolated groups of a few bacilli or micrococci. As a matter 
of course, I disinfected the small glass shells thoroughly, 
and sterilized the liquid by boiling before use.” 

The cause of the clouding of the cornea is found in its 
epithelium. If a little of the clouded epithelium be 
scraped off and the particles be examined after staining, 
the cells show fat-globules in greater or less quantity and 
of larger or smaller size; and after a little while, numerous 
free fat-globules can be seen between the epithelium. 
The result which I obtained with sections of the prepared 
cornea was less pronounced. But at any rate I may say that 
fatty degeneration was seldom or never found in the 
epithelium zz situ, that in the cornea itself, the well- 
known inflammatory infiltration with round cells was 
wholly absent, and that a somewhat abundant presence of 
the fixed corneal cells was the only point wherein the 
cornea which I examined seemed to differ from the 
normal.’ 

The injection of the eyeball disappears with extraordi- 
nary rapidity after removal of the glass. The degree of 
injection which manifests itself varies greatly, and is apt to 
be absent entirely in those rabbits the eyes of which have 
already been utilized in a long series of experiments. 
Apparently, therefore, a sort of toleration is established 
very soon. 

There still remained the division of the responsibility 


k. This was an astute observation since evaluation of the degree 


of conjunctival hyperemia still remains a key physiologic 
indicator of the ocular response to contact lens wear. It is 
perhaps surprising that it has taken almost 100 years for a 
system of quantifying this response to be proposed.” 

l. This is a clear mention of the occurrence of cellular debris 
becoming trapped beneath a contact lens—a topic of current 
concern, especially in the case of extended-wear lenses.” 

m. This observation is consistent with the description by Prince 
et al’ of lipid-secreting cells of Harder’s gland producing 
discrete droplets that are large, intermediate, or small. 

n. Fick recognized the need for disinfection of the shells and 
sterilization of the filling liquid; yet, despite these admirable 
precautions, he noted that contact lens wear can be associated 
with the presence of microorganisms. 

o. Fick points out that the origin of corneal clouding is epithelial. 
Although the scleral shells that he used would certainly have 
induced stromal edema due to hypoxia, the clouding of the 
epithelium may have been due to an osmotic and/or a toxic 
response to the filling liquid. Based on his histologic findings, 
Fick rejected the possibility that the corneal clouding repre- 
sented an inflammatory response. It is pertinent to note that 
Efron et al” were obliged to reject the hypothesis that contact 
lens-induced corneal edema is inflammatory in origin. 
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for the three difficulties—clouding of the liquid, clouding 
of the cornea, and injection of the conjunctiva,—between 
the two exciting factors—glass and liquid. Concerning the 
clouding of the cornea, it was easily demonstrated that it 


® was produced solely by the liquid. For if a glass be applied 


without fillimg it with liquid, the cornea will remain clear, 
but if the giass touch the cornea at any point, or if the 
formation f a drop of liquid causes connection between 
cornea and glass, the clouding of the cornea in such cases 
extends exactly as far as the area of contact. 

That clowding of the liquid is partly due to corneal 
epithelium m a state of fatty degeneration, is evident from 
what has been stated above. At the same time, processes, 
seem to be set up at the points of contact between the 
glass and the conjunctiva of the eyeball, which result in 
the additiem of epithelium, round cells, and the products 
of disorgamization of these; for drops of clear serum soon 
form upon the inner surface of a glass applied empty, 
collect at the most dependent portion, and at the end of 
six or eight hours, are mixed and clouded with fat and 
cellular elements, although no change can be demon- 
strated in the corneal epithelium. Furthermore, I was able 
to demonstrate repeatedly that the filling-liquid at the 
periphery of the glass was clouded, whilst corresponding 
to the centre, it remained perfectly clear. 

Finally, as to the injection of the conjunctiva, it is 
evident that beth factors, glass and liquid, must be 
concerned im the cause. But since the injection was always 
slight, and, if glasses without filling-liquid were applied, 
even absent. I am inclined to charge the greater part of 
the responsibility to the liquid. 

The prebiem, therefore, which presented itself to me, 
was to find a liquid which would cause as little irritation as 
possible to the cornea. Naturally this could only be 
discovered by numerous trials. Salt solutions, with various 
organic additions, alcohol solutions and glycerine solu- 
tions of different strengths, were tried without any satis- 
factory result. Finally a two-per-cent. solution of grape 
sugar’ was found to answer all requirements. A well- 
fitting glass lled with sterilized two-per-cent. solution of 
grape sugar ts borne by the rabbit’s eye for eight or ten 
hours without the production of any apparent clouding of 
the liquid, and with no clouding of the cornea or injection 
of the conjunctiva. However, even should these distur- 
bances take place, it is only necessary to repeat the 


p. Grape sugar is dextrose (C,H,,0,), which presumably was usec 
because-of its nutritional value. A 2% solution of anhydrous 
dextrose as an osmolality of 115 mOsm/kg,” which would be 
considerably hypotonic with respect to the tears, the osmolal- 
ity of whieh is 310 mOsm/kg.” Such a solution would accord- 
ingly be expected to produce a 6% increase in corneal thick- 
ness,” whieh Fick would have been unable to discern in human 
eyes with the clinical instrumentation then available. Fur- 
thermore, a 2% solution of anhydrous dextrose would be 
expected tə induce marked ocular irritation,” which is curious 
since Fick found this solution “...to answer all require- 
ments.” ne benefit of the use of a 2% solution of anhydrous 
dextrose is that it has a refractive index of 1.3358,” which is 
similar te that of the tears (1.3370).* To fulfill the requirement 
of isotonicity, it would have been necessary to use a dextrose 
solution of approximately 5.25% .*4 
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application of the glasses for a while daily, in order to get 
the eye accustomed to it, and then the desired result will 
surely be obtained. I would also say that any possible 
injection of the conjunctiva will disappear within half an 
hour, and any corneal clouding im the course of the 
night. 

Are we then justified in assuming that the human eye 
will behave toward the “contact lens,” just as we have 
seen that the rabbit’s eye does? If this were the case, its 
practical applicability would be beyond question. In order 
to obtain properly fitting contact-lenses for the human 
eye, I resorted to taking plaster-casts again—naturally of 
the eye of the cadaver. The cast of a human eye shows 
very plainly that the cornea is the segment of a sphere of 
smaller radius of curvature than the rest of the globe. In 
addition, the cast showed, though less clearly, that the 
radius of curvature of the conjunctiva increases steadily 
from before backward, as we would naturally expect when 
we consider that only in the immediate neighborhood of 
the cornea does the conjunctiva lie directly upon the 
globe, while farther back it is separated from this by a 
constantly thickening layer of tendons, connective tissue, 
fat, and muscles. The next step was te have a glass vesicle 
made which fitted upon the periphery of the plaster cast; 
then a portion of this small glass globe was heated and a 
protrusion blown out, which was marked by an oval line 
after cooling; along this line the segment was separated, 
and the broken edge was made smooth by melting. Such a 
glass, naturally still very imperfect. was placed in the 
conjunctival sac of my left eye by Prof. Gaule, in whose 
institute I conducted these investigations; I wore it for two 
hours without any other subjective symptoms, except 
some flow of tears, not, however, over the cheeks, but 
only into the nose. Objectively, a moderate injection, 
more marked at the beginning than at the end of the 
experiment, and which disappeared with extraordinary 
rapidity after removal of the glass, was observed. The 
liquid between the cornea and the glass remained perfect- 
ly clear, and contained, as the microscope showed, only 
very few organized elements—a few epithelial cells, 
round cells, and fat-globules. Other persons now sub- 
jected themselves to the experiment, and as subsequent 
trials proved still more satisfactory in relation to the 
subjective and objective disturbances than the first had, 
and since it could be demonstrated that the contact-lens 
adhered to the globe and held its fluid well and followed 
all the movements of the eyeball, without any movement 
of its own, except gradually a slight rotation around the 
long axis of the globe, I concluded to have the contact- 
lens made in an optically applicable form—that is, to have 
it ground. Unfortunately, all requisites for this were 
lacking here in Zurich, and therefore I wrote to Prof. 
Abbe, in Jena, requesting him to have several contact- 
lenses made for me; he was kind enough to fulfill my 
request. The formula which has thus far been found to be 
the most satisfactory in the construction of a contact-lens 
is the following: 

A glass cornea, having a radius of curvature of 8.0 mm, 
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rests with a base of 7 mm radius upon the glass sclera; the 
latter has a breadth of 3 mm, and corresponds to a sphere 
whose radius of curvature is 15 mm,‘ the glass cornea has 
parallel surfaces, both of which are ground and polished; 
in the same way, the free edge of the glass sclera is ground 
and polished; the weight of a contact-lens is about 0.5 
grammes. 

If we look around among patients with irregular astig- 
matism, we will observe that by far the greater number of 
these are afflicted with corneal cicatrices. The corneal 
cicatrix not only alters the form,—the radius of curvature 
of different segments of the cornea,—but also the density 
of the tissue itself; and it may be assumed that the rays of 
light suffer deviation from their regular course, not only 
when entering the cornea, but also within its substance. 
On this account, as is known, we endeavor to relieve cases 
of dense central corneal cicatrices by means of an iridec- 
tomy. But this assistance is only too often insufficient, 
because, in the first place, it is not possible to give the 
artificial pupil exactly the size and shape which would 
correspond best to circumstances, and, secondly, because 
the corneal cicatrix is itself rendered luminous by the 
incident light, and casts over the retina a diffuse and very 
annoying glimmer. It has been attempted to remove the 
latter difficulty by tattooing leucomata; occasionally this 
has been followed by brilliant results. Yet the numerous 
precautionary measures and contra-indications that are 
urged by even enthusiastic adherents of tattooing, would 
indicate that tatooing sometimes results in very serious 
consequences, and even in panophthalmitis. If, however, 
such a patient be provided with a contact lens which has 
been rendered opaque, except opposite the artificial 
pupil,‘ the various optical defects will be corrected with 
the single exception of the defect due to the peripheric 
situation of the pupil; that the latter defect is not a great 
one, at least as far as the optical effects of the cornea are 
concerned, can be shown in the following manner: 

A contact-lens, blackened except at a round spot placed 
very peripherically, is cemented upon the front glass-plate 
of one of Herman’s haematinometers; the interspace 
between the contact-lens and the front glass-plate is filled 
with water, as is also the haematinometer; then a piece of 
tissue paper is pasted upon the rear glass-plate. A flame is 
so placed, opposite to and at a properly selected distance 
from the apparatus,—by a proper approximation of the 
tubes toward each other,—that a sharply-defined inverted 
image is seen upon the piece of paper. Suppose the flame 
to have been placed on the prolongation of the line 
connecting the centre of the contact-lens with the aper- 
ture—that is, to the side of the axis of the haematinomet- 
er, after arranging the apparatus, then the image of the 


q. Using current terminology’, the dimensions of this lens are as 
follows: back optic zone radius, 8.00 mm; primary optic diam- 
eter, 14.00 mm; back scleral radius, 15.00 mm; and total 
diameter, 20.00 mm. 

r. The suggested use of an opaque contact lens with a clear pupil 
still finds application in the cosmetic and visual improvement 
of iris coloboma and iridectomy. 
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flame will be found the most distinct; but it will not 
become materially altered, if the flame be brought nearer 
the axis. Not until the flame passes the axis and is placed 
upon the opposite side of it from the aperture does the 
image begin to become indistinct; naturally this becomes 
more so the farther the flame is removed from the axis.* 

Besides the numerous cases in which the corneal 
cicatrices diminish the acuteness of vision by irregular 
refraction and dazzling, there are, though less frequently, 
cases of irregular astigmatism with clear cornea. To this 
class, cases of keratoconus belong; also those cases in 
which peripherally situated cicatrices, as, for instance, 
cicatrices as a result of cataract operations, have caused 
distortion of the cornea. Assuming that there is no 
impediment to rays of light beyond the cornea, there is no 
doubt that the optical defect can be fully corrected by the 
contact-lens. At the same time the high degree of hyper- 
metropia in aphakia could be diminished by increased 
curvature of the glass cornea. 

Finally, we might also consider the advisability of 
allowing myopes of high degrees, whom we do not dare to 
give correcting glasses, to wear contact-lenses whose glass 
corneae would naturally want to be correspondingly less 
curved than those heretofore used by me.' 

It was now important to secure patients upon whom 
tests based upon the preceding observations could be 
made. Professor Haab was kind enough to place the 
material of the Ophthalmological Poliklinik at my dispos- 
al. I then searched the records for those cases which 
seemed suitable for trial of the contact-lenses. Among 
these had to be excluded all out-of-town patients, because 
the expense of having them come to Zurich would have 
been too great. Thus there were seventeen patients left, 
and this number dwindled considerably, since a few could 
not be found, others had died, and still others did not 
respond to a request to present themselves at the clinic 
because they had become reconciled to thew condition. 
Thus there were altogether ten patients for examination, 
among which there were four again who had to be sent 
away because they proved entirely unsuitable." The 
experiment applied to the remaining six gave the follow- 
ing results: 

No. 1.—J. U. Both sides, central macula cornea, 


s. While we have been unable to trace details of the construction 
of Herman’s haematinometer, it appears that this instrument 
was used by Fick as an optical testing device to evaluate the 
image quality of the opaque lens with a peripherally posi- 
tioned clear aperture. 

t. Although Fick’s research was inspired by his desire to improve 
vision in cases of irregular astigmatism, he clearly recognized 
the much broader possibilities of correcting a wide range of 
ametropias by incorporating refractive power into contact 
lenses. It is unclear whether the method he suggests for 
achieving this, altering the “. . . curvature of the glass cornea,” 
refers to simultaneous alteration of the front and back curva- 
tures of the glass cornea or to an alteration of the curvature of 
the front surfaces of the glass cornea (the latter being the 
conventional method currently used for incorporating power 
into a lens). 

u. The logistical problems involved in the organization of clinical 
trials are just as onerous today.” 
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anterior polar cataract, and some nystagmus. Left: counts 
fingers at ene metre; after dilating pupil only at three 
quarters of a metre; with contact-lens, lateral aperture, 
fingers at two metres. Right: S almost %8; after dilating 
pupil, only %e; with contact-lens, no improvement. 

No. 2.—Mrs. L. Maculae corneae of both sides. Right: 
S = %4, with contact-lens with blackened centre, 
S = Hs. 

No. 3.—K., carpenter, keratoconus on both sides. Left: 
S = %o; with contact-lens, S = %6 (also a few letters of 
24). 

No. 4.—P. H. Left: anophthalmus. Right: central 
maculae corneæ; S = %3; with contact-lens, blackened 
centre, 5 = %7s. 

No. 5.—O: M. Right: normal. Left: leucoma adhær- 
ens, below: pupil oval, vertically; S = %6; with contact- 
lens, S = %4, some letters.! 

No. 6.—A. G. Right: normal. Left: maculae corneæ; 
counts fingers at two metres; after dilating pupil, S = 10; 
with contact-lens, entirely blackened except one sector. 
S = %2. 

It will be seen, that among the preceding cases, only 
one was benefited sufficiently in acuteness of vision to 
have made it worth while to continue these preliminary 
experiments, in order to increase the acuteness of vision 
still more by obtaining a greater correspondence between 
the maeulae and the blackened portions of the contact- 
lens, to have justified proceeding systematically to accus- 
tom the eye to the glass, and to have the girl’s folks 
gradually taught how to fill and apply the contact-lens. I 
would naturally have been very glad to have taken this 
trouble, but since the other eye of the girl was almost 
normal, I did not consider myself justified in continuing 
the experiment, since I could not expect a result which 
would have been of practical value to the girl. Neverthe- 
less, this case taught me that, among the exceedingly 
numerous patients with opacities of the cornea, there are 
certainly those who can be benefited by the use of the 
contact-lens, provided, naturally, the eye corrected by the 
contact-lens is the better and not the worse one, as in 
Case 6. 

Hoping that other oculists will also endeavor to employ 
the contact-lens, I wall communicate several matters of 
technique: 

Introduction is best accomplished by seizing the small 
glass between the index finger and the thumb of the right 
hand, at the same time lifting the upper lid of the 
patient’s eye with the left, and requesting him to look 
down; mow the glass is pushed beneath the upper lid, and 
whilst the patient looks up and thus carries the contact- 
lens upward, the lower lid is drawn forward somewhat, 


v. Visual acuity is expressed here according to the Donders 
notation, whereby S = d/N. The symbol S is derived from the 
German word Sehschirfe, d is the testing distance in Paris 
feet, and N is the distance in Paris feet at which the character 
read subtends five minutes of arc.® Typical values for N 
include 20, 20, or 40 Paris feet, for which the corresponding 
metrie values, as used by Fick, are 6.5, 9.75, and 13 m. 
(Conversion: 1 Paris foot = 0.325 m.) 
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and the contact-lens adjusted to the eyeball. In order to 
supply the liquid: While an assistant orthe patient himself 
lifts the upper lid, the upper portion of the margin of the 
lens is slightly drawn from the eyeball by means of a 
squint-hook, and with the unemployed hand the sugar 
solution, well warmed, is allowed to drep upon the eyeball 
from a pipette with bent extremity. To remove the lens 
again, it is only necessary to lift the lewer portion of the 
margin of the glass with a squint-hook, while the patient is 
looking up, and then to have the patient look down; 
during the downward movement the lens becomes 
detached and is caught in the patients’s handkerchief. 
Occasionally, removal is easier if the proceeding be 
reversed: Have the patient look down, separate the upper 
margin, and then look up.” That the hand and the glass 
must be aseptic, and the sugar-solution sterilized, is a 
matter of course. If the lens fits well, the patient does not 
complain, has no flow of tears, and either has no injection 
of the ocular conjunctiva, or very little. If symptoms of 
irritation show themselves, the glass must be removed. 
My experience indicates that the isritation is usually 
produced by some part of the margin of the glass sclera 
becoming somewhat separated from the eyeball, and in 
this way rubbing against the lid during movements of the 
eyeball. Strange to say, the filling-liquid does not neces- 
sarily escape in such cases. Despite clumsy manipulation 
on the part of the patients, injury to the corneal epitheli- 
um did not occur in a single case.* 

An inquiry from one of the patients led me to believe 
that possibly contact-lenses will be often worn for purely 
cosmetic reasons. Those eyes which are terribly deformed 
by leucomata and yet should not be enucleated while 
some vision remains, since they would be quite valuable 
should the fellow eye be lost, can be changed so that they 
no longer attract the attention of other persons, by the use 
of a contact-lens upon which the iris and a black pupil is 
painted. So that there would be the same result, respect- 
ing movement, as from an artificial eye, with the addition- 
al advanatage that the eyeball would not need to be 
sacrificed as in the former case.’ 

In conclusion, it gives me pleasure to express my most 
sincere thanks to Prof. Gaule of Zurich, Prof. Abbe of 
Jena, and to Prof. Haab of Zurich, fer assistance given 
me. 


w. The lens insertion and removal techniques described here are 
essentially those still applicable in the ease of scleral lenses. 
However, insertion of a nonfenestrated scleral lens simulta- 
neously with its filling solution is accomplished by bringing 
the face forward to be parallel to the floor. Manipulation, 
usually of the upper eyelid, would today be preferred to the use 
of mechanical devices such as the squint hook in the removal 
of scleral lenses. 

x. It is not known whether Fick used fluorescein in the examina- 
tion of epithelial integrity, since its use for this purpose 
appears to have been introduced just a few years earlier by 
Pflüger” in 1882. 

y. While Fick did not attempt to fit lenses for cosmetic purposes, 
he suggests the possibility of painting an artificial iris and 
black pupil for concealing the unsightly appearance of disfig- 
ured eyes. 
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Optic Nerve Sheath Decompression for Pseudotumor Cerebri 


Neil D. Brourman, MD; Thomas C. Spoor, MD; John M. Ramocki, MD 


@ We studied optic nerve sheath 
decompressions for pseudotumor cerebri 
performed at the Kresge Eye Institute, 
Detroit, over the past year. Six patients 
(ten eyes) were operated on. Visual func- 
tion improved in all ten eyes. A decision to 
operate was based on progressive loss of 
visual acuity or visual field unresponsive 
to medical therapy, accompanied by 
echographic evidence of a distended 
optic nerve sheath (positive 30° test). 
Follow-up ranged from four to 11 months. 
Four patients underwent subarachnoid 
iopamidol (Isovue) contrast injection fol- 
lowed by orbital computed tomography. 
The subarachnoid space totally filled in all 
patients. No evidence of fibrosis or 
obstruction of the optic nerve sheath 
existed; however, leakage of dye from the 
optic nerve sheath could not be demon- 
strated. Postoperative complications in- 
cluded transient diplopia and transient 
atonic pupil (one patient each). Our 
results indicate that optic nerve sheath 
decompression improves and protects 
visual function in patients with pseudotu- 
mor cerebri who demonstrate progressive 
visual field loss and fluid in the optic 
nerve sheath. 

(Arch Ophthalmol 
1383) 


1988; 106: 1378- 


seudotumor cerebri is character- 

ized by increased intracranial pres- 
sure that is not secondary to a space- 
occupying lesion, accompanied by a 
normal or small ventricular system, 
normal cerebrospinal fluid (CSF) 
composition, and no focal neurologic 
signs, with the exception of a possible 
sixth-nerve palsy. Although the prog- 
nosis for vision in most patients with 
pseudotumor cerebri is generally 


See also pp 1365, 1384, 1391, 
1458, and 1463. 


good,'” permanent visual loss has been 
reported in 11% to 24% of patients.** 
Relief of papilledema by optic nerve 
sheath decompression (ONSD) to pre- 
vent visual loss has been reported 
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previously.” 

Optic nerve sheath decompression 
was first described by DeWecker” in 
1872. He identified the optic nerve 
sheath by palpation, incising it blind- 
ly with a guarded knife. Carter,” and 
later Müller,*” used direct visualiza- 
tion to incise the dura after disin- 
sertion of the lateral rectus. The 
procedure did not gain widespread 
acceptance until 1964, when Hayreh"* 
demonstrated its effectiveness in ex- 
perimental rhesus monkeys. Thereaf- 
ter, Smith et al'° approached the nerve 
medially after performing a Kroénlein 
orbitotomy to enhance exposure, and 
Davidson’ approached it laterally 
after performing a lateral orbitotomy. 
Galbraith and Sullivan’ described a 
medial approach by detaching the 
medial rectus, now the most frequent- 
ly performed technique. How this sur- 
gery relieves papilledema is controver- 
sial’! We utilized iopamidol (Iso- 
vue) cisternography in attempting to 
elucidate such a mechanism. 

Ten eyes of six patients with pseu- 
dotumor cerebri and progressive 
visual field loss accompanied by 
enlargement of the retrobulbar optic 
nerve sheath underwent ONSD. 
Visual prognosis, operative morbidity, 
ultrasonography, and iopamidol cis- 
ternography results and three illus- 
trative cases are reported. 


SUBJECTS AND METHODS 


All patients were examined and all 
ONSDs performed at the Kresge Eye Insti- 
tute, Detroit, from July 1986 to June 1987, 
by one surgeon (T.C.S.). The diagnosis of 
pseudotumor cerebri was based on symp- 
toms of increased intracranial pressure 
(ICP) combined with papilledema. Each 
patient had a normal computed tomogra- 
phic (CT) scan, increased ICP on lumbar 
puncture (>300 mm H,0), normal findings 
on CSF examination, including cytologic 
study, and normal findings on neurologic 
examination (except for a bilateral abdu- 
cens palsy in one patient). Each patient 
denied a history of excessive vitamin A 
ingestion or oral contraceptive use. Venous 
sinus thrombosis was excluded by CT (neg- 
ative A sign), although arteriography was 
not performed routinely. Preoperative 
visual function is shown in Table 1. The 
nerve sheath was incised by a medial orbit- 
al approach, as described by Galbraith and 
Sullivan,” and a3 X 3-mm or greater “win- 
dow” of dura was excised in each case. 


All patients were operated on after 
extensive neuro-ophthalmologic investiga- 
tion because of threatened loss of vision 
from papilledema, indicated by the pres- 
ence of progressive visual field loss despite 
use of acetazolamide (Diamox) (patients 1 
through 6), prednisone (patient 1), or CSF 
shunts (patient 2). In addition, each 
patient demonstrated retrobulbar optic 
nerve sheath distention by intradural fluid 
(a positive 30° test) by orbital echogra- 
phy.” Kinetic visual field examinations 
were performed on a Goldmann perimeter 
by the same technician in every patient. 


REPORT OF CASES 


Case 1.—A 28-year-old woman began 
having gradually worsening headaches and 
occasional transient diplopia in 1983. She 
was hospitalized in December 1983 for 
papilledema, severe headaches, and bilat- 
eral sixth-nerve palsies. Computed tomog- 
raphy of the brain was normal; CSF 
studies and routine laboratory work 
showed normal results, except for elevated 
ICP. She was discharged from the hospital 
with the diagnosis of pseudotumor cerebri 
and was unavailable for follow-up. In April 
1987, she was readmitted to the hospital 
for gradually increasing headaches unre- 
lieved by prednisone therapy; she also had 
episodes of decreased vision lasting sec- 
onds and severe visual loss in her right eye 
for one week. 

Physical examination revealed an obese 
woman who appeared older than her stated 
age (due to decreased vision). Visual acuity 
was 20/400 OD and 20/20 OS, with right 
exotropia and full ductions. An afferent 
pupillary defect was noted in the right eye. 
Results of slit-lamp examination and ap- 
planation tonometry were normal. Fundu- 
scopic examination disclosed high-grade 
papilledema in both eyes (Fig 1, left). Re- 
sults of the remainder of her physical and 
neurologic examinations were normal. 

Laboratory studies revealed normal 
results for the following: electrolytes, 12- 
factor automated blood chemistry analy- 
sis, VDRL, complete blood cell count, 
thyroid function tests, erythrocyte sedi- 
mentation rate, and rheumatoid factor. 
Computed tomography of the head and 
cerebral arteriography were normal. A 
lumbar puncture revealed an opening pres- 
sure of greater than 560 mm H,O, and 
results of CSF studies were normal. A 
repeated lumbar paracentesis on April 2, 
1987, showed an opening pressure of 450 
mm H,O. Kinetic visual fields performed 
on a Goldmann perimeter were constricted 
in both eyes, with a superonasal defect 
peripherally and a relative paracentral 
scotoma in the right eye (Fig 2, top left and 
bottom left). A 30° test for fluid in her 
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optic nerve sheaths was positive in both 
eyes. Because of her unresponsiveness to 
treatment with steroids and acetazolamide 
and her progressive visual deterioration, a 
medial orbitotomy with optic nerve sheath 
fenestration was performed April 3, 1987, 
in the right eye and April 15, 1987, in the 
left eye. Postoperatively, her visual func- 
tion dramatically improved, but her ICP 
remained elevated (280 mm H,O). The 
return of spontaneous venous pulsations 
and decreased disc edema were apparent 
within two weeks (Fig 1,-center). Her discs 
were flat withminimal optic atrophy with- 
in six weeks (Fig 1, right). Her visual 
acuity returned to 20/30 OD within one 
week and remained 20/20 OS. Her visual 
fields showed a cGramatic improvement 
(Fig 2, top night ane bottom right); exotro- 
pia resolved. Subarachnoid iopamidol in- 
jection on July 21, 1987, followed by orbital 
CT, demonstrated mormal filling of the op- 
tic nerve sheaths with contrast dye but no 
leakage from the fenestration site (Fig 3). 
Her headaches have lessened dramatically. 
Intracranial pressure is 200 mm H,O. 

Cast 2.—A 30-year-old woman diag- 
nosed as having pseudotumor cerebri in 
1979 had multiple remissions and exacer- 
bations. She had a _ lumbar-peritoneal 
shunt in 1981 and two ventriculoperitoneal 
shunts in for intractable headaches 
and obscured visien due to high-grade 
papilledema. 

Physical examination in 1986 revealed 
visual acuityof 20/20 OD and 20/50 OS. An 
afferent pupillary ¢efect (1+) was present 
in the left eye. Results of slit-lamp exami- 
nation and externa! examination were nor- 
mal; intraecular pressures and motility 
were also nermal. Funduscopic examina- 


Case/ Age. 
y/Sex 


1/28/F 


Visual Acuity 


OD 20/400 
OS 20/20 


OS 20/50 


OD 20/80 
OS 20/100 


OB 20/25 
OS 20/25 


OS 20/20 


OÐ 20/20 
OS 20/20 


2/30/F Constricted 


3/62/F 


4/30/F 


5/43/F 
6/38/F 


Li 


Fig t.—Resolution of optic disc swelling following optic nerve sheath decompression in patient 1, rignt eye. Left, 
Preoperative; center, two weeks postoperative; and right, six weeks postoperative. 
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Goldmann Field 


Constricted OU 
Superior nasal defect OD 


Constricted OU 
Superior nasal defect OD 


Constricted OU 


Constricted inferior nasal defect 


Inferior nasal defect 
Enlarged blind spot OU 


tion revealed chronic atrophic papilledema 
in the left eye and optic nerve head drusen 
in both eyes. Kinetic visual fields per- 
formed on a Goldmann perimeter showed 
peripheral constriction in the left eye, 
which progressed markedly on reexamina- 
tion (Fig 4, left). Because of progressive 
visual deterioration and a positive 30° 
test” for a distended optic nerve sheath, an 
ONSD was performed on the left eye. Post- 
operatively, a marked improvement in 
visual field was noted, which has been 
maintained on a repeated field examina- 
tion 12 months after surgery (Fig 4, right). 
Visual acuity is unchanged, and chronic 
optic atrophy has persisted. An iopamidol 
study with orbitel CT showed complete 
filling of the optic nerve sheath and no 
leakage of dye from the fenestrated optic 
nerve sheath two months after surgery. 
Case 3.—A 62-year-old woman with a 
history of bilateral cataract surgery in 
1983 noted a gradual deterioration of 
vision in both eyes over one month. She 
complained of occasional headaches for six 
years previously. Her medical history was 
significant for congestive heart failure, 
essential hypertension, and asthma. Medi- 
cations included theophylline, prazosin 
hydrochloride (Minipress), digoxin, and 
furosemide (Lasix). She was hospitalized 
in May 1986 for high-grade papilledema. 
Physical examination then revealed a 
visual acuity of 20/80 OD and 20/100 OS. A 
moderate afferent pupillary defect was 
present in the left eye. Slit-lamp examina- 
tion showed moderate posterior capsular 
opacifications and posterior chamber 
intraocular lenses in both eyes. Applana- 
tion tonometry was 14 OD and 15 OS. 
Fundus examination revealed marked 


Table 1.—Preoperative Visual Function 


Optic Nerve 
Pap lliedema 


Chronic atrophic papilledema 
Marxed papilledema 


Papilledema 


Chronic atrophic papilledema 
Marxed papilledema 
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papilledema in both eyes. Multiple lumbar 
punctures revealed opening pressures of 
greater than 300 mm H,O on multiple 
occasions, but they failed to relieve her 
headaches. Thirty-degree ultrasonography 
showed fluid in both optic nerve sheaths. 
Visual fields were severely constricted in 
both eyes (Fig 5, top left and bottom left). 
Because of the marked visual fields con- 
striction, unresponsive to acetazolamide 
therapy, she underwent bilateral ONSDs 
with a dramatic improvement in her visual 
fields within one week (Fig 5, top right and 
bottom right) that has been maintained. 
Her disc edema gradually resolved over 
two months with the return of spontaneous 
venous pulsations. Her headaches were 
much improved. YAG capsulotomy was 
performed in both eyes in September 1986 
with a resultant visual acuity of 20/25 
OU. 


RESULTS 


Optic nerve sheath decompression 
was performed on ten eyes in six 
patients with pseudotumor cerebri. 
Visual function improved in all eyes. 
Eight eyes with acute disc swelling 
improved anatomically and function- 
ally (Figs 1 and 2). Two patients (two 
eyes) with pseudotumor cerebri and 
good visual acuity despite chronic 
atrophic papilledema demonstrated 
improvement in their peripheral 
visual field defects following ONSD 
(Fig 4). No eyes had decreased visual 
function postoperatively (Table 2). 
Iopamidol-enhaneed CT scans were 
obtained in four patients between one 
day and four months after ONSD was 
performed. Ten milliliters of 200 mg/ 
dL of iopamidol was instilled into the 
cerebrospinal system by lumbar punc- 
ture, and the patient was subsequent- 
ly positioned so that the intraorbital 
optic nerve sheaths would fill with 
contrast materia! (Fig 3). Axial and 
coronal orbital CT were then per- 
formed. There was no demonstrable 
leakage of contrast at the fenestration 
site in any eyes either immediately 
postoperatively (one day) or four 
months after successful bilateral 
ONSD. In all patients studied, the 
optic nerve sheath completely filled 
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Fig 2.—Visual field improvement following optic nerve sheath decompression in patient 1. Top left, Preoperative, right eye; 
top right, postoperative, right eye; bottom left, preoperative, left eye; and bottom right, postoperative, left eye. 





Fig 3.—Patient 1. Computed tomographic scan after enhancement with intrathecal iopamidol (Isovue) demonstrating no 
leakage at site of optic nerve sheath fenestration. Left, Axial; and right, coronal. 
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ig 4.—Left eye of patient 2. Left, Constricted preoperative visual field; and right, expanded visual field postoperatively. 
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Fiœ5.—Dramatic improvement in visual fields following optic nerve sheath decompression in patient 3. Top left, Preoperative, 
right eye; top right, postoperative, right eye; bottom left, preoperative, left eye; and bottom right, postoperative, left eye. 
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Table 2. 





Postoperative 
Visual Acuity 











OD 20/25 Expansion 





* SVP indicates spontaneous venous pulsations. 


with contrast material without evi- 
dence of fibrosis or obstruction. Six 
patients received preoperative and 
postoperative ultrasound measure- 
ments of the anterior optic nerve 
sheath (Table 3). Five (83%) of six 
patients showed a mild decrease in 
size of the nerve sheath, and the con- 
dition of one patient (17%) remained 
unchanged after surgery. The results 
were not statistically significant. 


COMMENT 


Relief of papilledema by optic nerve 
sheath fenestration or incision has 
been described previously. 23! Da- 
vidson’** described six patients with 
primary or metastatic intracranial 
tumors who underwent optic nerve 
sheath fenestration. Resolution of 
disc edema occurred in each patient. 
Smith et al” described resolution of 


_ disc edema in a patient with an “emp- 


ty” sella syndrome. However, of the 71 
cases described since the 1960s, only 
42 operations were performed for 
pseudotumor cerebri. 

Hupp et al’ reported the cases of 17 
patients (19 eyes) who underwent 
ONSD. Seven of 19 eyes improved, and 
12 of them continued to worsen or 
remained unchanged. Only two of the 
17 patients had pseudotumor cerebri. 
Galbraith and Sullivan’ described 
seven patients, four of whom had 
pseudotumor cerebri. Resolution of 
disc edema began within two weeks 
and was complete by several months. 
Galbraith® further elaborated on 
three of these four patients and 
reported that ONSD arrested visual 


‘field deterioration in each patient. 


Kilpatrick et al operated on 14 
patients with pseudotumor cerebri, 
but the surgical indication was pro- 
gressive visual failure in only six 
patients. Five patients had no change 
in vision, and one patient’s vision con- 
tinued to deteriorate. Details of visual 
function were not reported. Aulhorn” 
reported the cases of six patients (11 
eyes) who underwent ONSD for pseu- 
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—Postoperative Visual Function 


Visual Field 


OS 20/25 

4 OD 20/25 Expansion OU 
OS 20/25 

5 OS 20/20 Expansion 

6 OD 20/20 
OS 20/20 


Decreased blind spot OU 














Discs flat; SVP present OU 








Disc flat OU 





Chronic atrophic papilledema 
Reslution of disc swelling OU 







dotumor cerebri. Vision remained 
unchanged or continued to deteriorate 
in all patients; again no details of 
vision (either visual acuities or visual 
fields) were given. Knight et al” 
reported the cases of five patients 
with pseudotumor cerebri who under- 
went either unilateral or bilateral 
ONSD. Detailed visual acuity and 
visual fields were measured preopera- 
tively and postoperatively. In all 
cases, papilledema resolved. Three 
patients had significant visual im- 
provement, and one had continued 
gradual visual deterioration. A sud- 
den postoperative visual loss was 
noted in one patient. Others!!! have 
described patients with pseudotumor 
cerebri who had reversals of a visual 
deficit following ONSD. 

We describe six patients (ten eyes) 
undergoing ONSD for pseudotumor 
cerebri. Eight eyes with acute disc 
swelling improved anatomically and 
functionally after surgery (Tables 1 
and 2) (Figs 1 and 5). Two eyes with 
chronic atrophic papilledema func- 
tionally improved (Fig 4) but ophthal- 
moscopically remained unchanged. 

Our results suggest a better visual 
prognosis following this surgery than 
others have suggested (Table 2). These 
studies are difficult to compare since 
circumstances and patient popula- 
tions differed from ours.* Improve- 
ment was most evident in patients 
with acute papilledema. Patients with 
chronic atrophic papilledema did not 
have dramatic restoration of visual 
function or disc changes. This suggests 
that surgical intervention should 
occur earlier—as soon as visual func- 
tion is compromised, and before it is 
irreversibly compromised.'! 

There are two possible mechanisms 
by which ONSD may reduce papil- 
ledema. First, the operation may cre- 
ate a permanent fistula, allowing 
drainage of CSF and reduced ICP. 


*References 7, 9, 12, 13, 19, 20, 28, 29. 





Table 3.—Effect of Surgical 
Decompression on Optic Nerve Sheath 
Diameters 


Anterior Optic Nerve Sheath, mm 


Preoperative Postoperative 


Second, fistula closure may occur 
along with glial proliferation in the 
subarachnoid space, protecting the 
nerve from unaltered high ICP.!2% 

In two pathologic studies, David- 
son’? demonstrated occlusion of the 
nerve sheath gap and subarachnoid 
space by young granulation tissue. He 
concluded that this prevented the 
transmission of increased ICP along 
the subarachnoid space to the optic 
nerve head. 

Hayreh™ described pathologic ex- 
amination of the optic nerves of nine 
monkeys with balloon-induced papil- 
ledema who underwent subsequent 
ONSD. He observed that the gap in 
the sheath was filled by a prolifera- 
tion of connective tissue, thus sup- 
porting the studies of Davidson.!2 

Keltner et al studied the optic 
nerve of a patient 39 days postopera- 
tively and found no evidence of block- 
age of the fistulas or subarachnoid 
space. This patient had glioblastoma 
multiforme and was being treated 
with steroids and immunosuppressive 
drugs, which hindered his fibroblastic 
response. Keltner et al correctly 
pointed out that patient variation 
may account for these different obser- 
vations. In support of the hypothesis 
of Keltner et al, relief of headaches 
following ONSD has been reported by 
some authors." Four of our 
patients (patients 1 through 3 and 5) 
reported relief of headaches after sur- 
gery. Also, unilateral surgery may 
rarely relieve contralateral disc ede- 
ma.””'*? In most patients, however, 
unilateral surgery only relieves disc 
edema on the ipsilateral side. Hay- 
reh™ studied five monkeys with uni- 
lateral decompression. Only one had a 
decrease in contralateral disc edema. 

Most authors'*!7?°%3° report unal- 
tered high ICP after successful ONSD, 
but others*® report the cases of 
patients with lower ICP. We did not 
perform postoperative lumbar punc- 
ture in all patients but did note a 
decrease in ICP in patient 1. We 
believe that the apparently conflicting 


results may be explained by the high 
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ICP variations in patients with pseu- 
dotumor cerebri*”*? and the effect of 
variable trabeeulations between the 
optie nerve anc its sheath.’ 

We studied four patients from one 
day to feur months after surgery with 
intrathecal injection of iopamidol 
contrast Gye fellowed by orbital CT. 
Iopamidol dye completely filled the 
subarachnoid space with no evidence 
of fibrosis or obstruction of the optic 
nerve sheath ciear up to the back of 
the eye (Fig 3). The CT scans obtained 
after iopamidol injection were similar 
in all patients. This disputes the 
hypothesis of Davidson'’*” that fibro- 
sis around the eptic nerve sheath pro- 
tects the eptic nerve in the region of 
the lamina cribrosa. 

We did not deteet leakage of iopam- 
idol from the subarachnoid space into 
the orbit in any patients (Fig 3). 
Iopamidol dye filling the subarach- 
noid space would be leaking into the 
orbit in small amounts. We would 
expect small amounts of dye leaking 
into the highly vascular orbit to be 
resorbed quickly. It is, therefore, 
unlikely that dye leaking from a dural 
fistula would be detected by CT. As in 
detection of CSF leaks at the cribri- 
form plate, dye cannot be detected 
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leaking through the plate on CT scan, 
but only when it accumulates in the 
sphenoid sinus. Our failure to detect 
leakage of the dye one day after an 
exceptionally large surgical fistula 
was made indicates that this is not a 
very sensitive technique for detecting 
leakage from an optic nerve sheath 
fenestration. 

Preoperative and postoperative an- 
terior optic nerve sheath diameters 
were measured in six patients (Table 
3): five (83%) of six showed a small 
decrease in optic nerve sheath diame- 
ter that was not statistically signifi- 
cant, and one (17%) remained 
unchanged. We believe that these 
results are inconclusive and we are 
accumulating more data. 

Although postoperative CSF pres- 
sure is not documented in all patients, 
several (patients 1 through 3 and 5) 
reported dramatic relief of headaches 
postoperatively. Patient 1 has had a 
documented decrease in ICP postoper- 
atively and enjoys near-normal ICP, 
relief of headaches, and improved 
visual function six months after sur- 
gery. Thus, while fistula formation 
may not explain the entire mechanism 
involved in ONSD, our evidence indi- 
cates that it may be a possible mecha- 
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nism in some cases. 

We found few complications from 
the surgery. One patient had a tempo- 
rary horizontal motility disturbance 
from disinsertion af the medial rectus, 
and one had a transient atonic pupil, 
probably from damage to the posteri- 
or ciliary nerves. Other reported com- 
plications include a sixth-nerve palsy, 
myelinated nerve fibers, and a sudden 
visual loss im two patients.”’2!7 
In comparison, lumbar-peritoneal 
shunts and _ ventriculoperitoneal 
shunts have numerous reported com- 
plications, including meningitis, peri- 
tonitis, subdural hematoma, malfunc- 
tion, visual loss, and death.*** The 
reported mortality from CSF shunts 
alone is 7.2% to 16.2% .*”** In compari- 
son, no reported deaths have occurred 
from ONSD (tc our knowledge). 

Optic nerve sheath decompression 
for pseudotumer cerebri may reverse 
and prevent visual deterioration. 
Visual function should be monitored 
closely with visual acuity, visual 
fields, and ophthalmoscopy. We agree 
with Kellen and Burde" that it is wise 
to perform ONSD early in the course 
of the disease, if progressive visual 
field loss occurs despite therapeutic 
attempts to lower ICP. 
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Modified Optic Nerve Sheath Decompression Provides 


Long-term Visual Improvement for Pseudotumor Cerebri 


Robert C. Sergott, MD; Peter J. Savino, MD; Thomas M. Bosley, MD 


è Twenty-three patients with chronic 
papilledema associated with pseudotu- 
mor cerebri underwent ‘‘modified’’ optic 
nerve sheath decompression for treat- 
ment of visual acuity and visual field loss. 
Instead of removing a single, rectangular 
section of optic nerve meninges, the 
operation was modified by making at 
least three longitudinal incisions in the 
sheath and then lysing arachnoid adhe- 
sions with a tenotomy hook. Twenty-one 
of the 23 patients demonstrated im- 
proved visual function after the initial 
surgery for a mean (+SD) follow-up of 
21.5 + 12.3 months (median, 25 months; 
range, three to 45 months) without reop- 
eration or reinstitution or oral corticoste- 
roid and diuretic therapies. The two 
patients failing to improve after the first 
surgical procedure initially had a single 
meningeal window created and subse- 
quently improved following reoperation 
with the modified procedure. Twelve of 
21 patients with bilateral visual loss had 
improved visual function bilaterally after 
unilateral surgery. Six of the 21 patients 
needed bilateral surgery, and the other 
three had minor visual field defects in the 
second eye not severe enough to warrant 
surgery. Preoperative optic disc pallor did 
not predict a poor postoperative result. 
Optic nerve surgery improved the visual 
function in six patients who had failed to 
recover vision after one or more lumbar- 
peritoneal shunts. 

(Arch Ophthalmol 
1390) 


1988; 106: 1384- 


Although pseudotumor cerebri 

(PTC) is often referred to as “be- 
nign intracranial hypertension”,! this 
disorder is hardly benign concerning 
its potential deleterious effects on 
vision, with between 25% and 50% of 
patients suffering some degree of 
visual impairment.*> Treatment with 
oral diuretics, systemic corticoste- 
roids, and lumbar-peritoneal shunting 
of the cerebrospinal fluid (CSF) circu- 
lation have all been reported to 
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improve visual function in some cases 
of PTC.*’ However, all of these thera- 
pies may be associated with serious 
medical and surgical complications, 
and, in some cases, they do not 
improve or arrest visual loss caused 
by chronic papilledema.?* 
Decompression of the intraorbital 
optic nerve by incision of its meninge- 
al sheath is a surgical procedure pro- 





See also pp 1365, 1378, 1391, 
1458, and 1463. 





posed in the late 19th century to be of 
potential benefit for visual impair- 
ment produced by edema of the optic 
disc.™!? Since that time, varying suc- 
cesses and failures of optic nerve 
sheath decompression for PTC have 
been reported.*’>*! To date, no long- 
term study of optic nerve sheath 
decompression has been undertaken 
to evaluate a large number of patients 
with PTC and _ vision-threatening 
papilledema. We report the results of 
a modified method of optic nerve 
decompression in 23 patients with 
special emphasis on preoperative and 
postoperative visual function. 


PATIENTS AND METHODS 
Patients 


The study group comprised 23 patients, 
22 women and one man, with PTC (Table). 
The patients ranged in age from 17 to 62 
years, with an average of 38.1 years. Nine- 
teen of the 23 patients presented with 
headaches and transient visual obscura- 
tions and were found to have bilateral 
optic disc edema. Four patients presented 
with visual loss due to chronic papilledema 
and reported no history of headaches. 
Except for papilledema, visual acuity, and 
field loss, the neuroophthalmic examina- 
tion yielded normal results. Visual fields 
were assessed with the Goldmann perime- 
ter in 21 patients and with the Humphrey 
automated perimeter in two patients. Ten 
of the 23 patients had essential hyperten- 
sion. Patient 4 had chronic renal failure, a 
condition sometimes associated with PTC.’ 
Patient 22 developed PTC after a ten-day 
course of tetracycline, and visual loss pro- 
gressed despite discontinuation of this 
medication and two lumbar-peritoneal 
shunts. Patient 23 had osteopetrosis with a 
history of PTC 17 years before optic nerve 


surgery, and a previous lumbar-peritoneal 
shugt. Her vision in the left eye was light 
perception for 17 years before optic nerve 
decompression. The remaining 20 patients 
had no unusual medical conditions associ- 
ated with PTC. 

All patients underwent high-resolution 
computed tomography (CT) in the axial 
and coronal projections with and without 
intravenous radiologic contrast material. 
Bilaterally enlarged optic nerve silhou- 
ettes with an expanded CSF space and a 
slitlike appearance of the ventricular sys- 
tem were the only abnormalities present 
on CT scanning. Lumbar punctures in all 
23 patients demonstrated elevated intra- 
cranial pressure (opening pressure, >240 
mm H,O). Cerebrospinal fluid analysis 
demonstrated normal or low protein con- 
centration and normal glucose concentra- 
tion without a pleocytosis. No correlation 
existed between the magnitude of the 
intracranial pressure elevation and the 
degree of visual loss. Peripheral blood anti- 
nuclear antibody titer was 1:40 or less in 
all patients. 


Operative Procedure 


All 23 patients underwent optic nerve 
sheath decompression by the same surgeon 
(R.C.S.) using a modification’? of the proce- 
dure of Galbraith and Sullivan.’ A 270° 
conjunctival incision was made 4 mm pos- 
terior to the corneoscleral junction. The 
medial rectus muscle was attached to a 
double-armed 5-0 or 6-0 polyglactin (Vi- 
cryl) suture, and the muscle was disin- 
serted from the globe. Traction sutures 
were passed under the superior and inferi- 
or recti muscles, and a third traction 
Suture was weaved intrasclerally at the 
previous insertion of the medial rectus 
muscle. With the globe retracted temporal- 
ly, the optic nerve was exposed under the 
operating microscope using malleable 
retractors and cotton-tipped applicators to 
maneuver the orbital fat. Both patients 
requiring reoperation had undergone the 
traditional fenestration procedure of the 
nerve sheath. Because the meningeal win- 
dow was found to be obstructed by adher- 
ent orbital fat, the other surgical proce- 
dures involved multiple longitudinal inci- 
sions placed in relatively avascular areas 
of the sheath using a long-handled corneo- 
scleral knife with a triangular point (Shar- 
point Inc, Reading, Pa, or MVR Unitome 
5560, Beaver Surgical, Waltham, Mass) 
and/or with a specially curved dural blade 
(Sickledge 7300, Beaver Surgical). At least 
three incisions, measuring approximately 
4 to 5 mm in length, were made in the 
sheath—3 mm posterior to the junction of 
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Medical Conditions 


Hypertension 


Diuretics, L-P 
shunt in 1983 


Hypertension, chronic 
renal failure 


5/36 /F Nore 


Previous PTC 
Therapy On 
Diuretics, 
corticosteroids, 
L-P shunt in 
1978, 3 
revisions 


Diuretics 


CFS ee Tae Ss 


Visual Acuity (OD, OS) 


Eye Operated 


20/60, 20/30 


OD (twice) 
surgery) 
HM, 20/30 


(second surgery) 
20/40, 20/30 (first 


OD (twice) 
surgery) 
20/60, 20/30 


= Y—“_ ??2——__—__—_—_—_~ 
Preoperative 


20/30, 20/30 (first 


Follow-up 
Duration, mo 


Postoperative 
20/20, 20/20 


1 (first surgery) 


24 (second 
surgery) 
36 (first surgery) 


20/50, 20/20 
20/25, 20/30 


8 (second surgery) 


(second surgery) 


Repeated lumbar 
punctures, 
diuretics 

Diuretics, O5 
corticosteroids 





20/25, 20/30 


20/60, 20/60 


20/20, 20/20 15 


6/39/F Nore Diuretics O5 20/20, 20/30 20/20, 20/20 26 
7/56/F ‘Hypertension Diuretics OS 20/20, 20/30 20/20, 20/20 25 
8/19/F Nore Diuretics OS 20/20, 20/25 20/20, 20/20 27 


Diuretics, 
corticosteroids, 
L-P shunt with 





10/37 /F Hypertension 
11/35 / ‘Hypertension, 
keratoconus 


12/55 /F Hypertension, 
ischemic optic 
neuropathy, OS 


13/37 /F 


Diuretics 


Diuretics, 


3 revisions 
Diuretics OS 


20/30, 20/60 


20/20, 20/40 


20/20, 20/20 


corticosteroids, 
repeated 
lumbar 
puncture 


20/30, 20/40 27 


20/20, 20/40 


20/20, 20/20 27 (OD) 


24 (OS) 





14/63/F Hypertension Diuretics, Os 20/20, 20/20 20/20, 20/20 32 
corticosteroids 

15/34/F Nore Diuretics, OS 20/20, 20/20 20/20, 20/20 36 
corticosteroids 


16/32/F Nore Diuretics CF, 20/30 20/200, 20/20 





17/30/F Hypertension, iron 


deficiency anemia 


18/30/F Hypertension, Coats’ 


disease, OD 


Diuretics, 
corticosteroids, 


Diuretics, 
corticosteroids 


2|8 


CF, HM 


L-P shunt 


8 


8 


20/100, 20/50 






14 
20/30, 20/40 20 


20/100, 20/30 18 
8 


19/30/F Nore Diuretics, 20/25, 20/50 20/25, 20/50 3 
corticosteroids 


20/36 /F Nore Diuretics, 
corticosteroids 


» 21/ 18/F Diuretics, NLP, LP 20/20, 20/20 8 
corticosteroids 


22737 /F 


Nore 
Nore 





Osteopetrosis 


Diuretics, 
corticosteroids, 
2 L-P shunts 


Diuretics, 
corticosteroids, 


= 


g 


g 


20/25, 20/50 


LP, 20/400 


L-P shunt in 
1966 


20/100, CF 20/30, 20/30 8 


20/20, 20/20 6 


20/400, 20/70 


* PTG indicates pseudotumor cerebri; L-P, lumbar-peritoneal; HM, hand motions; LP, light perception; CF, counting fingers; and NLP, no light perception. 


the optic merve and the globe (Fig 1). 

In most instances, the incisions were 
extended lengitudinally with transsphe- 
noida! scissors and/er the sickle-shaped 
dural blade (Fig I). Adhesions between the 
optic nerve and dura were lysed by gentle 
longitudinal movement of a Fisher tenoto- 
my hook within the subdural space (Fig 1). 
The multiple longitudinal incision proce- 
dure and lysis of suspected arachnoid 
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adhesions were suggested by consideration 
of the pathologic anatomy of the optic 
nerve and meninges associated with 
increased intracranial pressure (Fig 2), 
indicating that loculated areas of CSF may 
exist. This approach was designed by one 
of the authors (R.C.S.) when in the process 
of making a single meningeal window it 
was noted that the second incision pro- 
duced additional CSF drainage from areas 
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of the nerve-sheath complex not contigu- 
ous with the first imcision. 


RESULTS 
Visual Acuity 
Four patients (five eyes) had 20/20 
central visual acuity preoperatively. 
No postoperative deterioration of cen- 
tral vision occurred in these pa- 
tients. 
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Fig 1.—lllustration of multiple incision procedure with arachnoidal dissection. Gptic nerve is 
initially incised with triangular-shaped blade (top), opening is extended with sickle-shaped blade 
(center) or long-handled scissors, and then arachnoidal adhesions are disrupted with Fisher 
tenotomy hook (bottom). Procedure is then repeated in at least two other locations (bottom, top 
left corner). 


The other 19 patients (24 eyes) all 
demonstrated some degree of central 
visual loss ranging from 20/25 to no 


light perception (Table). All patients, » 


including those requiring reoperation, 
experienced improved central visual 
acuity. The preoperative and postop- 
erative visual acuity results are pro- 
filed in Fig 3. 


Visual Fields 


Visual fields in all 23 patients (29 
eyes) improved within three days of 
surgery, and the improvements have 
been maintained for an average (+ 
SD) of 21.5 + 12.3 months (median, 25 
months; range, three to 45 months) 
postoperatively (Table). The visual 
field improvement in the eye that was 
operated on usually progressed for 
three months postoperatively before 
reaching its final result (Table and 
Fig 4). 

The two patients who required re- 
operation had initially undergone the 
traditional fenestration procedure. 
Patient 2 developed decreased visual 
acuity and peripheral visual fields 
three weeks postoperatively. Her loss 
of visual function was unresponsive to 
treatment with oral diuretics and sys- 
temic corticosteroids. She refused sur- 
gery for another two weeks until her 
visual acuity worsened to hand move- 
ments at 15 cm. Reoperation with the 
modified optic nerve sheath decom- 
pression improved visual acuity to 20/ 
50, and this improvement has been 
maintained. 

Patient 3 developed recurrent visual 
loss three years after the traditional 
fenestration procedure. Reoperation 
disclosed that the orbital fat had pro- 
lapsed into the meningeal window. 
Multiple longitudinal openings were 
placed in the optic nerve sheath, and 
her visual acuity has returned to 
20/25, the status after the first opera- 
tion. 

Twenty-one of the 23 patients dis- 
played bilateral visual loss preopera- 
tively. Twelve of these 21 patients 
demonstrated bilateral visual field 
improvement with unilateral surgery. 
The eye that was not operated on 
improved more slowly than the eye 
that was operated on but also reached 
its final visual field profile within 
three months (Table and Fig 4). 

Six of 21 patients with bilateral 
visual field loss required surgery on 
the second eye at a later date. These 
six eyes improved following the sec- 
ond procedure. The other three 
patients with bilateral visual field 
loss, who did not improve in the eye 
that was not operated on, demonstrat- 
ed relatively minor defects in the sec- 
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Fig 2.—Gress pathologic appearance of optic nerves and meningeal complex in chronic 
papilledema. Trabeculated nature of arachnoid is postulated to produce loculated areas of 
cerebrospinal fluid, necessitating multiple openings in nerve sheath to produce complete 
decompression. (From Cogan DG: Neurology of the Visual System, ed 6, 1966. Reproduced with 
permission from Charles C Thomas Publisher, Springfield, Ill.) 
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Preoperative Visual Acuity 


Fig 3.—Comparisomof preoperative and postoperative visual acuities recorded at three months 
for 29 eyes thet were operated on. The 45° line represents no change between preoperative and 
postoperative centre! visual acuities. CF indicates counting fingers; HM, hand motions; NLP, no 


light perceptioe; and LP, light perception. 


ond eye, not severe enough to warrant 
surgery. 


Optic Disc Appearance 


All optic nerves were swollen preop- 
eratively wich funduscopic features of 
chronic pap:lledema.”* Nineteen pa- 
tients (23 syes that were operated on) 
demonstrated pallor of the optic disc 
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in association with chronic papillede- 
ma. 

The presence of pallor did not pre- 
dict a poor visual result with surgery. 
While the presence of optic pallor did 
not preclude visual improvement, only 
three of the 19 eyes with optic pallor 
regained 20/20 visual acuity postoper- 
atively. 


Ontic Nerve Sheath NDecomnressian— Seraott et al 


Unilateral surgery produced resolu- 
tion of optic disc edema in both eyes 
for 12 patients (Fig 4). The combina- 
tion of optic pallor and marked loss of 
visual acuity alse did not forecast a 
poor visual result. Patient 21 had light 
perception vision im one eye for 36 
hours before surgery and no light 
perception vision in the opposite eye 
for 24 hours before nerve sheath 
decompression and has regained 20/20 
visual acuity OU despite marked disc 
pallor (Fig 5). 


Headache 


At the time of surgery, 17 of the 23 
patients were symptomatic for head- 
aches due to increased intracranial 
pressure. Thirteen of these 17 patients 
experienced improvement in head- 
aches following optic nerve sheath 
decompression. The decrease in head- 
ache occurred within 24 to 72 hours 
postoperatively. Nine of the 13 pa- 
tients with initial improvement of 
headaches have remained asymptom- 
atic. However, four of the 13 patients 
have required oral diuretic therapy 
for headache relief. The return of 
headaches occurred three to eight 
months postoperatively and was not 
associated with any deterioration in 
visual function. 


Surgical Complications 


Patient 4 develeped a superior, peri- 
limbal conjunctival filtering bleb, pre- 
sumably with CSF, ene week postop- 
eratively. The bleb produced a second- 
ary corneal del. The bleb flattened and 
the del resolved witha moderate pres- 
sure patch for 36 hours. 

Patient 13 developed an adduction 
deficit three days postoperatively. 
Exploration of the medial rectus mus- 
cle demonstratec normal position of 
the muscle without slippage of the 
suture. After six weeks of horizontal 
diplopia, the media! rectus function 
returned to normal and the diplopia 
resolved. 


COMMENT 


Our results establish that this mod- 
ification of optic nerve sheath decom- 
pression surgery reverses many of the 
visual defects produced by chronic 
papilledema in a large number of 
patients with PTC (Table and Fig 3). 
Moreover, the procedure provides 
long-term visual improvement, reduc- 
ing greatly the need for reoperation 
and reinstitution of therapy with sys- 
temic corticosteroids and diuretics. 
For 21 of the 28 patients, one optic 
nerve sheath decompression has 
improved visual funetion for an aver- 
age of 21.5 + 12.8 menths (median, 25 
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months; range, three to 45 months) 
postoperatively. The other two pa- 
tients demonstrated visual improve- 
ment with the modified technique 
after the traditional fenestration pro- 
cedure failed. 

Optic nerve sheath decompression 
restored visual acuity and visual field 
loss in six patients who failed to 
regain visual function after one or 
more lumbar-peritoneal shunts. The 
duration of visual loss after lumbar- 
peritoneal shunt failure did not pre- 
vent improvement with optic nerve 
surgery. Patient 23 had light percep- 
tion vision in her left eye for 17 years 
after an unsuccessful shunt and has 
regained 20/400 visual acuity. Her 
case demonstrated a remarkable plas- 
ticity and recuperative ability of an 
optic nerve probably subjected to ele- 
vated CSF pressures for 17 years. In 
association with osteopetrosis, pa- 
tient 23 also had narrowed optic 
foramina, but the diagnosis of PTC 
was well established in her case and 
papilledema has been previously 
described in this syndrome.” It is 
certainly possible in patient 23 that 
both chronically increased intracrani- 
al pressure and narrowed optic foram- 
ina contributed to the chronic papil- 
ledema and visual loss. 

Although lumbar-peritoneal shunts 
have effectively treated visual loss 
associated with PTC, cases are also 
well described in which this procedure 
has not helped, and optic nerve 
decompression now offers an addi- 
tional therapeutic option.?* In addi- 
tion, the combined experience of Wills 
Eye Hospital, Philadelphia, and the 
University of Iowa, Iowa City, indi- 
cates that a single lumbar-peritoneal 
shunt operation resulted in an aver- 
age of five subsequent revision proce- 
dures because of recurrent visual loss 
and headaches (James Corbett, MD, 
oral and written communication, 
November 1987). In contrast, only two 
of 23 patients in this series have 
required reoperation. 

The efficacy of the multiple longitu- 
dinal operation procedure combined 
with arachnoidal lysis is illustrated 
by patient 2. In this patient, the tradi- 
tional fenestration procedure failed 
because the surrounding orbital fat 
prolapsed into the meningeal window. 
Reoperation with the multiple inci- 
sion technique reversed the postoper- 
ative visual loss. An identical, but 
longer-term complication occurred in 
patient 3 and was alleviated by the 
modified technique. 

We now believe that several factors 
may explain why the multiple longitu- 
dinal meningeal openings with arach- 
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Fig 4.—Preoperative and postoperative visual fields of 
patient 8, who underwent decompression of left optic 
nerve sheath only. Top left, Preoperative evaluation 
demonstrated bilateral constriction, and blind spot could 
not be plotted reliably in left eye. Middle left, Within six 


noid dissection may be superior to the 
fenestration procedure (Fig 1). First, 
and most simply, several openings in 
the meninges have a greater chance of 
remaining patent compared with a 
single large window that is directly 
contiguous with the orbital fat. 
Second, on making the second and 
third openings in the meninges, 
repeated gushes of CSF often 
occurred. This intraoperative finding 
implies that one opening in the nerve 
sheath, whether a window or a longi- 
tudinal incision, does not always 
decompress the entire optic nerve- 
meningeal complex. The arachnoid of 
the optic nerve consists of a trabecu- 
lated meshwork of collagenous and 
elastic fibers,” and it is conceivable 
that this trabeculum may loculate 


CSF within various “meningeal com- 
partments” around the nerve (Fig 2). 
Therefore, a single opening may 
decompress only one region of the 
nerve, allowing continued pressure on 
axons in other locations. The multiple 
longitudinal incision procedure with 
arachnoidal dissection has the advan- 
tage of decompressing the entire 
nerve (Fig 1). 

The ability of the arachnoidal tissue 
to proliferate and obstruct CSF out- 
flow in other locations of the CNS is 
well described, especially around the 
midbrain at the level of the tentorium 
or in the vicinity of the fourth ventri- 
cle. Therefore, it seems reasonable 
that the arachnoid surrounding the 
optic nerve may proliferate when sub- 
jected to various insults, such as pro- 
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days, let field expanded. Bottom left, After six weeks, 
both viswal fields were normal. Patient’s corresponding 
optic disc appearances are illustrated in center and right 
columnsof figure. 


longed inereased intracranial pres- 
sure. 

And finally, our experience indi- 
cates that this modified procedure 
requires less operative time, resulting 
in less trauma to the optic nerve and 
orbital fat. It may be argued that the 
greater tissue manipulation associ- 
ated with the fenestration procedure 
provokes more postoperative inflam- 
mation, thereby precipitating adher- 
ence of theerbita! fat to the meninge- 
al window. 

A muitiple linear incision technique 
was mentioned in two previous 
reports.” In the study of Hupp and 
coworkers,” only two optic nerve 
decompressions were performed for 
vision-threatening PTC. In that 
series, both patients continued to lose 
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vision despite surgery. One patient 
had multiple incisions made in the 
sheath, and the surgical technique in 
the other patient was not specified. No 
specific rationale for a multiple inci- 
sion procedure was offered. Burde and 
colleagues’?! described one patient in 
whom a multiple longitudinal incision 
procedure without arachnoidal dissec- 
tion was employed with visual recov- 
ery sustained for 13 years. 

To our knowledge, the present study 
is the first to evaluate thoroughly the 
effect of unilateral decompression on 
bilateral optic nerve function. Twelve 
of 21 patients with bilateral visual 
loss preoperatively demonstrated bi- 
lateral improvement following unilat- 
eral surgery. Of the remaining nine 
patients, six required bilateral decom- 
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Fig 5.—Sequential preoperative and postop- 
erative optic disc appearance of right eye of 
patient 21. Top, Befere optic nerve decom- 
pression, vision detesiorated to no light per- 
ception. Center, Within eiaht days, disc edema 
decreased, and visual acuity improved to 
20/400. Bottom, Three menths postoperative- 
ly, optic disc is flat and diffusely pale and 
nasal retinal hemorrhage has resolved. Final 
visual acuity is 20/20. 


pression, and the other three did not 
have contralateral field loss severe 
enough to warrant a second proce- 
dure. These results indicate that uni- 
lateral optic nerve sheath surgery 
may “decompress” beth optic nerves 
(Fig 4). The bilateral improvement 
implies that in certain cases a unilat- 
eral decompressioa functions initially 
as a filtering proeedure for the CSF 
surrounding both optic nerves, as has 
been suggested previously.” 
Therefore, we currently do not rec- 
ommend simultaneous, bilateral optic 
nerve sheath decompressions, unless 
severe visual acuity and visual field 
loss are present. Rather, we advise 
operating on the eye with the poorer 
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visual function and monitoring the 
other eye carefully. If the eye that is 
not operated on demonstrates worsen- 
ing visual acuity or visual function, 
then immediate operation is obviously 
indicated. Also, if advanced field loss 
is present and does not improve three 
months after the first surgery, then 
decompression of the second optic 
nerve is indicated. 

The appearance of pallor in associa- 
tion with chronic papilledema does 
not forecast a poor visual result after 
optic nerve sheath decompression, 
confirming the experience of other 
investigations." Despite preopera- 
tive optic disc pallor in 23 eyes, both 
visual acuity and visual fields 
improved following surgery. However, 
once pallor developed, only three eyes 
regained 20/20 visual acuity; there- 
fore, pallor is not a contraindication 
to surgery. Indeed, the appearance of 
optic nerve pallor may be an indica- 
tion for more aggressive management 
and prompt optic nerve decompres- 
sion to increase the chances for recov- 
ery of the greatest amount of visual 
function. Perhaps other funduscopic 
findings, such as loss of the retinal 
nerve fiber layer, may be more accu- 
rate predictors of visual outcome after 
surgery for chronic papilledema. The 
preoperative visual acuity also did not 
predict the final visual result. Indeed, 
patient 21 suffered visual loss to no 
light perception in her right eye and 
light perception in her left eye and 
recovered 20/20 visual acuity OU 
(Fig 5). 
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Optic nerve decompression initially 
improved headaches in 13 of 17 
patients. This improvement has been 
sustained in nine patients, and the 
other four have required eral diuretic 
therapy three to eight months postop- 
eratively. The return of headaches did 
not portend the worsening of visual 
function for any patient. Even in the 
four patients who developed head- 
aches at a later date, management 
with oral diuretics was a much more 
benign regimen than the combination 
of diuretics and corticosteroids used 
preoperatively in an attempt to main- 
tain vision and control headaches. To 
date, no patient has required a lum- 
bar-peritoneal shunt or ccrticosteroid 
therapy to relieve headaches recur- 
ring after nerve sheath decompres- 
sion. The improvement of headaches 
implies that either the intracranial 
pressure was decreased by the proce- 
dure or that distention of the optic 
nerve sheath itself, perhaps by pres- 
sure on the intraorbital branch of the 
first division of the trigeminal nerve, 
may be somewhat responsible for the 
headaches. Measuring the postopera- 
tive intracranial pressure by lumbar 
puncture should resolve this question. 
We did not perform repeated lumbar 
puncture on these patients because 
with improved visual function and 
headaches no medical indication 
existed for this invasive sometimes 
uncomfortable procedure. Only two 
measurements of intracranial pres- 
sure following nerve sheath decom- 
pression have been reported and both 
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Results of Optic Nerve Sheath Fenestration for 
Pseudotumor Cerebri 


The Lateral Orbitotomy Approach 


è Twenty-eigh! patients with pseudo- 
tumor cerebri underwent 40 optic nerve 
sheath fenestrations for relief of visual 
loss or to preserve visien. Twenty women 
and eight men underwent 16 unilateral 
fenestrations and 12 bilateral operations. 
Papilledema disappeared or was striking- 
ly reduced in 24 of 28 patients. The other 
feur patients had gjiotic discs (two 
patients) or were followed up for only a 
short time. Visual acuity improved in 12 of 
40 eyes and remained the same in 22 of 
40 eyes. Seventeen eyes had preopera- 
tive visual acuity ef 20/30 or better. In six 
eyes visual acuity decreased. Of eight 
eyes operatedon'that had visual acuity of 
20/200 or worse, only three showed 
improvement. Visual fields improved in 21 
of 40 eyes and remained the same in ten 
eyes. Five of the ten eyes that did not 
change had poor vision before surgery. 
Eight eyes in five patients continued to 
lose acuity postoperatively. Each of these 
eight eyes had a concomitant loss of 
visual field. An additional two eyes devel- 
oped visual! field loss with preserved 
visual acuity. The indications for surgery 
are early evidence of progressive loss of 
visual field or acuity in a patient with 
pseudotumor cerebri. Severe vision loss 
presents little opportunity for improve- 
ment but femestration may be used in a 
last effort to preserve or restore vision. 

(Arch Ophthalmo/l 1988;106:1391- 
1397) 
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atients with pseudotumor cerebri 
may require surgical intervention 
when papilledema poses a serious 
threat to vision.'? Pseudotumor cere- 
bri is a condition characterized by 


increased intracranial pressure with- 


See also pp 1365, 1378, 1384, 
1458, and 1463 


out intracranial mass or hydrocepha- 
lus and it is seen predominantly in 
obese women of childbearing age. It 
occurs much less commonly in men— 
the female-to-male ratio is 8:1.4 In 
children it occurs with equal incidence 
in both sexes. Symptoms include 
headache, transient visual obscura- 
tions, and double vision; less common- 
ly pain in the shoulders and arms and 
tinnitus occur. Recent studies have 
shown the incidence of pseudotumor 
in the general population to appoxi- 
mate 1/100 000. The incidence in obese 
women of childbearing age is approxi- 
mately 19/100000.° In this age group 
it is a potentia.ly serious endemic 
condition. The cause of pseudotumor 
cerebri is unclear but in both men and 
women it is associated with obesity.‘ 
Many associated conditions® have 
been reported but in most of these 
cases no cause had been established. 

Theories of pseudotumor cerebri 
pathophysiology include increased 
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spinal fluid production, decreased spi- 
nal fluid absorptien, brain edema, or 
increased blood velume in the brain.’ 
A number of studies have shown 
increased resistance to absorption of 
spinal fluid in patients with this con- 
dition.’ This finding suggests that 
the primary patholegic lesion lies 
within the absorptive mechanism of 
the pacchionian granulations. No sat- 
isfactory pathologic examination of a 
patient with pseudotumor cerebri has 
ever been performed and there are no 
experimental models of pseudotumor 
cerebri. 

The only importantneurologic com- 
plication of pseudotumor cerebri is 
visual failure due to papilledema.* 
Visual loss due to increased intracra- 
nial pressure when the disc is not 
swollen has not been documented. 
When papilledema is unilateral or 
grossly asymmetric visual loss occurs 
in the eye with the swollen optic 
disc.’ 

Nonsurgical treatment of pseudotu- 
mor cerebri includes acetazolamide, 
furosemide, oral corticosteroids, re- 
peated lumbar punctures, and oral 
glycerol.t The surgical procedures 
used for the treatment of pseudotu- 
mor cerebri include optic nerve sheath 
fenestration, first performed in 1872 
by DeWecker,’® subtemporal decom- 
pression, and various cerebrospinal 
fluid-shunting precedures, including 
lumboperitoneal shunt,'? ventriculo- 
peritoneal shunt, and cisternoperiton- 
eal shunt." 

Optic nerve sheath fenestration has 
been a reported treatment in a num- 
ber of patients with pseudotumor 
cerebri and has been used in an 
attempt to preserve vision in patients 
who had papilledema due to a malig- 
nant brain tumor.’ The present 
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report is on a group of patients with 
pseudotumor cerebri seen at the Uni- 
versity of Iowa Hospitals during the 
past nine years who have undergone 
optic nerve sheath fenestration by the 
lateral orbitotomy route (40 opera- 
tions in 28 patients). Most earlier 
reports of optic nerve sheath fenestra- 
tion have advocated the medial 
approach to the optic nerve.'*'’ Our 
indications for optic nerve sheath fen- 
estration and the complications and 
final outcome of these procedures will 
be discussed. 


PATIENTS AND METHODS 


Twenty-eight patients with pseudotu- 
mor cerebri underwent lateral or combined 
lateral and medial orbitotomy to perform 
optic nerve sheath fenestration. All opera- 
tions were done to relieve visual loss due to 
papilledema or to preserve visual function. 
All patients had undergone a complete 
neurologic examination preoperatively in- 
cluding lumbar puncture. The diagnosis of 
pseudotumor cerebri was made in all 
patients by documenting elevated cerebro- 
spinal fluid pressure, normal results of 
cerebrospinal fluid cytologic and chemis- 
try studies, and a normal computed tomog- 
raphic scan of the brain. All patients but 
one (patient 26) had undergone complete 
preoperative and postoperative ophthal- 
mologic examinations of optic nerve func- 
tion. Visual acuity, visual field, and quanti- 
tative measurements of the relative affer- 
ent pupillary defect were made at each 
visit. Optic disc photos were taken preoper- 
atively and postoperatively. Visual evoked 
potentials were measured in 50 patients 
with pseudotumor cerebri with a wide 
variety of visual loss, including many of 
the 28 patients in this study. 

Twenty women and eight men under- 
went optic nerve sheath fenestration. The 
average age of the men was 30 years and 
that of the women was 29 years. The 
median age of the men was 33 years and 
that of the women was 26 years. Forty eyes 
were operated on. Sixteen patients had one 
eye operated on and 12 had both eyes 
operated on. Two patients who had bilater- 
al fenestration had both eyes operated on 
at the same time because they were high 
anesthetic risks (patients 17 and 26). In all 
other patients surgery was done on differ- 
ent days to evaluate the effect that the 
operation would have on the eye that was 
not operated on. Lateral orbitotomy alone 
was done on 37 of 40 eyes. One eye in each 
of three patients underwent both medial 
and lateral orbitotomy (patients 4, 8, and 
23). In two cases the initial medial orbitot- 
omy was abandoned because exposure of 
the optic nerve was poor. In both cases the 
procedure was completed using a lateral 
orbitotomy. In one case the optic nerve 
sheath could not be opened using the later- 
al orbitotomy and a medial orbitotomy was 
performed. One eye was reoperated on 
(patient 5) after sudden severe visual loss 
that occurred ten days postoperatively. 
Patient 26 died two weeks postoperatively 
from a pulmonary embolus and patient 12 
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was blind in both eyes within one week of 
surgery. The median follow-up was six 
months. If patients 12 and 26 are excluded, 
the mean follow-up time was 26.9 
months. 

The main indication for surgery was 
progressive visual loss despite maximum 
medical therapy; however, no precise indi- 
cations for surgery were applied prospec- 
tively. In general the indications included 
patient complaints of visual deterioration, 
loss of visual acuity and/or visual field 
loss, and growing afferent pupillary 
defects. Visual loss included the appear- 
ance of new visual field defects, enlarge- 
ment of preexisting visual field defects, or 
loss of visual acuity. The major objective 
evidence of asymmetric visual loss was an 
increasing relative afferent pupillary 
defect. The appearance of the optic disc 
was only rarely helpful in deciding wheth- 
er surgery was needed. Optic disc edema 
was not always severe and hemorrhages or 
exudates were not always present when 
visual loss occurred. Conversely, severe 
papilledema with multiple hemorrhages 
and exudates did not always produce seri- 
ous visual loss. Rare indications for surgi- 
cal intervention included the prospect of 
repeated episodes of hypotension (as seen 
with hemodialysis) and the medical need to 
treat systemic hypertension vigorously. 
We believe that swollen optic nerves may 
not tolerate hypotension well. 

All but two patients had visual field 
defects identified by Goldmann visual field 
testing. Two patients had no afferent 
pupillary defect. Nineteen of 40 eyes oper- 
ated on had 20/20 vision accompanied by 
visual field loss and afferent pupillary 
defects. Each eye that was operated on had 
a swollen or atrophic nerve head and four 
patients had unilateral papilledema. 

Three patients had static severe visual 
loss. Two patients (patients 13 and 25) had 
pseudotumor cerebri with poor vision for 
many weeks or months. Each patient had 
presented with atrophic papilledema and it 
was believed that surgery provided only 
slim hope for recovery. A third patient 
(patient 3) had progressive visual loss in 
the fellow eye one year earlier that had 
been treated by optic nerve sheath fenes- 
tration. Indications for the operation on 
the first eye were a decreasing visual field 
and an increasing relative afferent pupil- 
lary defect. Before hemodialysis for chron- 
ic renal failure was begun we performed 
optic nerve sheath fenestration on the sec- 
ond eye, which showed a nonprogressive 
field loss, to prevent possible hypotension- 
induced visual loss. One patient had a 
once-revised lumboperitoneal shunt that 
failed five years after it was put in place 
and papilledema returned rapidly. 


RESULTS 


Patients were evaluated one week 
postoperatively and then monthly 
until the visual function was stable. 
Patients returned for examination at 
three- to six-month intervals for optic 
nerve function testing. Charts were 
reviewed and results were collated by 
the nonsurgical author (J.J.C.) and 


one of the surgical authors (J.A.N.). 
Postoperative outcome, visual acuity, 
visual fields, papilledema, and symp- 
toms were evaluated. 


Visual Function 


Visual function after optic nerve 
sheath fenestration is summarized in 
Table 1. Snellen visual acuity mea- 
surements were made preoperatively 
and postoperatively. Visual acuity had 
to change by more than two lines to be 
considered as either improved or 
worse. Visual acuity differences of 
two lines or less were considered to 
indicate no change. Thirty-four eyes 
(85%) had visual acuity that was 
improved or unchanged following 
optic nerve sheath fenestration. Sev- 
enteen eyes had visual acuity of 20/30 
or better preoperatively; postopera- 
tively visual acuity did not improve by 
our definition. 

Goldmann visual field testing after 
surgery was performed in 38 of 40 eyes 
(patient 26 died). In general we 
adhered to the visual field criteria for 
change in glaucoma espoused by 
Phelps'® in 1978. Visual fields 
improved or were unchanged in 31 of 
38 eyes (80%). Preoperative field 
defects were generally disc-related 
arcuate losses most often seen in the 
nasal inferior field. Less often gener- 
alized constriction, central, or centro- 
cecal scotomas occurred. All patients 
had preoperative visual field loss. 
Simple enlargement of the blind spot 
alone was not considered to be a visual 
field deficit warranting operation. 
Improvement in visual fields varied 
from 10° expansion of an isopter to 
return of the full field. 

Six eyes (15%) in four patients had 
worse visual acuity postoperatively 
and seven eyes (20%) in five patients 
continued to experience visual field 
loss postoperatively. 

In one eye (patient 5) the visual 
acuity was excellent until ten days 
postoperatively, when the patient sud- 
denly lost vision. Reoperation dis- 
closed a hemorrhage into the sub- 
stance of the optic nerve and visual 
acuity remained at 20/200. One eye 
(patient 28) suffered a postoperative 
orbital hemorrhage that was drained. 
The final visual acuity was 20/20; how- 
ever, the visual field was slightly 
worse. In the other five eyes of three 
patients, the progressive preoperative 
visual loss continued relentlessly de- 
spite operation. These cases will be 
considered in the “Comment” section. 


Optic Disc Appearance 


Papilledema was present in all but 
four eyes in two patients who were 
operated on. These four eyes had 
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gliotic changes. Papilledema im- 
proved postoperatively in an average 
of four weeks. Defervescence of papil- 
ledema was gradual over weeks even 
though early changes could be appre- 
ciated within one to three days of 
operation in some patients. The 
longest interval between surgery and 
maximal relief of papilledema was 20 
weeks. Our “‘defervescence” data rep- 
resent complete or nearly complete 
resolution of dise swelling. Many 
patients experience resolution of all 
but a small amount of nasal disc 
swelling that is permanent or at least 
very long-standing. The earliest 
change in seme patients is the appear- 
ance of a sharp-edged temporal disc 
margin through swollen axons that 
had previously masked this landmark. 
At this writing no patient had experi- 
enced a return of papilledema. 


The Effect of Optic Nerve Sheath 
Fenestration on the Untreated 
Fellow Eye 


Nine (53%) of 17 patients with 
bilaterally swollen discs showed 
improvement of papilledema in the 
fellow eye that was not operated on. 
Eleven patients were excluded from 
consideratien for the following rea- 
sons: two patients had both eyes oper- 
ated on while under one general anes- 
thetic because a second general anes- 
thesia had a high medical risk (pa- 
tients 17 and 26); five patients had the 
second eye operated on within one 
week and the effect of the first opera- 
tion could not be assessed (patients 10 
threugh 13, 18, and 25); four patients 
had essentially unilateral papillede- 
ma (patients 1, 6, 16, and 28). 


Symptoms 


Headaehe and transient visual 
obseurations occurred frequently in 
patients preoperatively. Headaches 
were mildly to moderately severe and 
usually responded to lumbar puncture 
or analgesics. Eleven (65%) of 17 
patients who had medically uncon- 
trolled headache preoperatively either 
had relief of headaches or reported 
that headache was improved postop- 
eratively. Transient visual obscura- 
tions consisting of seconds-long gray- 
ing out ef vision also responded to 
medical therapy in many patients. 
Despite preeperative medical therapy 
16 patients continued to have tran- 
sient visual obscurations that some- 
times were gaze-evoked, orthostatic, 
or even spontaneous. Fourteen (88% ) 
of these 16 patients experienced total 
relief or marked improvement in the 
frequency of transient visual obscura- 
tions. 
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Complications of Surgery 


Sixteen eyes had permanent tonic 
pupils following surgery and variable 
amounts of aecommodative paresis. 
These were the result of damage to 
the short ciliary nerves or the ciliary 
ganglion or their blood supply. The 
pupils remained tonic whereas the 
accommodative paresis improved. 
Five patients (eight eyes) lost vision 
within one month postoperatively and 
will be discussed separately. One 
patient (patient 28) had a retrobulbar 
hemorrhage three hours postopera- 
tively and visual acuity dropped to no 
light perception. Immediate drainage 
of the hematema resulted in final 
visual acuity of 20/20 with unchanged 
visual fields; however, this patient’s 
relative afferent pupillary defect was 
larger and she had a sixth nerve palsy. 
There were no infections and pain in 
the incision was minimal after the 
immediate postoperative period. Fa- 
cial scarring was trivial. 


COMMENT 


The goals of optic nerve sheath fen- 
estration are the restoration of lost 
visual or protection against further 
visual loss. Reports of the effect of 
pseudotumor cerebri on vision show 
that at least one half of patients have 
some visual field defect.'’ Serious 
visual field loss and/or loss of visual 
acuity is seen in approximately 10% 
to 25% of carefully studied patients 
with any visual field defect. In pseu- 
dotumor cerebri early visual field loss 
may be only constriction of the V‘ 
isopter (most commonly seen in the 
nasal inferior portion of the visual 
field). Later, generalized field con- 
striction in all tsopters, loss of central 
vision, or altitudinal field loss may 
occur. The appearance of any new 
visual field defect while the patient is 
undergoing medical treatment or loss 
of visual acuity should be considered 
indications for surgery.'* When these 
indications are applied, optic nerve 
sheath fenestration is an effective 
way to preserve or restore visual func- 
tion. 

There are several ways to measure 
the success of optic nerve sheath fen- 
estration, including improvement in 
visual acuity or visual fields, change 
in an afferent pupillary defect, disap- 
pearance of papilledema, decrease in 
headache, transient visual obscura- 
tions, or diplopia. The ultimate mea- 
sure of success is the preservation or 
improvement of afferent visual func- 
tion. In 32 of the 40 eyes undergoing 
optic nerve sheath fenestration visual 
acuity was preserved or improved. In 
ten eyes with preoperative visual acu- 


Table 1.—Effec* of Optic Nerve Sheath 
Fenestration on Visual Function 


No. of 
Eyes” 


Visual Function 


Postoperative visua’ acuity 

>20/30 preoperatively 
Improved 
Same 
Worse 

20/40-20/ 100 preoperatively 
Improved 
Same 
Worse 

<20/200 preoperatively 
Improved 
Same 
Worse 

Postoperative visual field 

Acuity 20/ 15-20.30 preoperatively 
Improved 
Same 
Worse 

Acuity 24/ 40-20. 100 preoperatively 
Improved 
Same 
Worse 

<20/200 
Improved 
Same 
Worse 





* One patient died and @ata on her eyes are not 
available. 


ity of less than 20/39 the visual acuity 
improved more than two lines postop- 
eratively (Table 2). In other patients, 
surgery was indicated to halt progres- 
sive visual field loss despite normal 
visual acuity. In most of these 
patients central visual acuity was pre- 
served after surgery and the other 
signs of optic neuropathy improved. 

Optic nerve sheath fenestration 
resulted in the resolution of papillede- 
ma in all patients who had swollen 
discs. The time course of resolution 
was variable. In some patients rapid 
improvement wés seen in one or two 
days; in others improvement occurred 
over weeks. Many patients have had 
mild, predominantly nasal, persistent 
swelling of the optic disc for years.' 
There were no specific correlations 
between the severity of papilledema 
and visual function. The disc with 
extensive swelling and mild to moder- 
ate visual impairment often regained 
normal or near-normal visual func- 
tion. Resolution of papilledema was 
one kind of operative success, but it 
was not always associated with visual 
improvement. 

Atrophic discs with little or no disc 
swelling and severe visual impair- 
ment preoperatively in general did 
not enjoy return of visual function 
postoperatively. However, our obser- 
vations regarding the effect of optic 
nerve sheath fenestration on atrophic 
discs are based en a very small num- 
ber of patients and consequently 
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Time to 
Defervescence 
of Papilledema Eye 


2 wk OD 
OS 


Patient 
No./Sex/ 
Age, y 
1/M/35 


Surgical 
Approach 


OS lateral 


OD 
OS 


OD 
OS 


2/F/32 OS lateral 2 wk 


3/F/54 OU lateral 3 wk 


OD 
OS 


OS lateral 
OD lateral 


4/F/26 


OD 
OS 


5/F/27 OD lateral 


6/M/36 OS lateral OD 

OS 

7/F/24 OS lateral 6 wk OD 

OS 

8/F/42 OS lateral 1.5 wk OD 

OS 

9/M/14 OS lateral 6 wk OD 

OSs 

10/M/ 14 OS lateral 8 wk OD 
OD lateral OSs 

11/F/26 OS lateral 8 wk OD 
OS 


OD 
OS 


12/M/33 OS lateral 


OD lateral 


Mild reduction 
in swelling in 
1 wk 


13/F/28 OU lateral NC OD; days OD 
OS OSs 

14/F/55 OD lateral 4 wk OD 
OS 


———_—_—— 


Visual 
Field 
Improve- 
ment 


Visual Acuity 


Pre- Post- 
operative operative 

20/20 20/20 

20/20 20/20 


TVO 


NC OD; +OS 





20/15 
20/15 
20/25 
20/25 


20/20 +OD; +OS + 


20/20 
20/20 
20/20 


+OD; —OS 


20/30 NC 
20/25 NC 


+0D; +OS 


20/30 
20/25 


20/200 
20/30 


—OD; —OS 





20/15 20/15 NC OD; +OS 

20/15 20/15 

20/20 20/15 +OD; +OS 

20/20 20/15 

20/20 20/15 NC OD; +OS 

20/50 20/15 

20/30 20/20 NC OU 

20/50 20/20 

20/70 20/20 +OU + 
20/70 20/30 

20/20 20/15 NC OD; +OS Pinte 
20/20 20/15 


LP NC OD; initial 

20/70 improvement 
then blind 
OS 





CF 10 ft NC 

HM NC 

20/25 20/20 NC OU 
20/25 20/20 


Symptomatic 
Improvement 
T_T  PFoOlow-up, 
Headache 


Indication for 
Operation/ 
Comments 


Visual field loss; 
unilateral 
papilledema; 
monitor of CSF 
pressure: no 
change in 
postoperative 
pressure 


Visual field loss OS; 
pregnant 7th mo 


Field loss OS; 
impending 
hemodialysis OD 

Recurrence of 
papilledema 5 y 
after lumbar 
peritoneal shunt 
failure 


Visual field loss OS; 
reoperation after 
visual loss; 
hemorrhage in optic 
nerve 


mo 


5 44 


Progressive visual 
field loss; unilateral 
papilledema 


18 Progressive visual loss 
OS 


Progressive visual loss 
OS; Complete 
recovery of field. 

Renal osteodystrophy 
and progressive 
visual loss 





+ 10 Visual acuity and 
visual field loss OU 
- 43 Progressive visual 


loss; 5 mo pregnant 
Rapidly progressive 
visual loss OU in 
hypertensive black 
man; visual loss OS 
progressed 1 wk 


postoperatively 


End-stage visual loss; 
bilaterally gliotic 
discs. 


- 37 Visual loss; RAPD OD 


*Plus indicates improved; minus, worse; NC, no change; RAPD, relative afferent pupillary defect; TVO, transient visual obscurations; CF, counts fingers; HM, hand 
movement; LP, light perception without projection; LPP, light perception with projection; and CSF, cerebrospinal fluid. 

tNo evidence of another treatable disease emerged in follow-up. 

After two days this patient suddenly went blind and no visual fields were performed. 


should be interpreted cautiously. Our 
results suggest that intervention 
before gliosis and atrophy occurs 
offered the best hope for visual recov- 
ery or stabilization. 

Improvement of papilledema in the 
eye not operated on occurred in slight- 
ly more than one half of the patients 
who underwent unilateral surgery 
only. Most of these patients experi- 
enced concomitant improvement in 
visual function. Similar observations 
of bilateral improvement with unilat- 
eral surgery have been made by oth- 
ers.'*!”!° The mechanism for improve- 
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ment of papilledema in the contralat- 
eral eye is obscure since reports of 
lumbar-puncture pressure measure- 
ments and our own experience have 
shown no drop in cerebrospinal fluid 
pressure after optic nerve sheath fen- 
estration.’? Our experience with pro- 
longed intracranial monitoring in two 
cases (patients 1 and 16) confirms 
earlier observations by Kaye et al,” 
who reported persistently high cere- 
brospinal fluid pressure after fenes- 
tration. When bilateral visual loss 
occurs secondary to pseudotumor 
cerebri, unilateral operation is recom- 


mended. In cases of severe bilateral 
visual loss or in patients with medical 
contraindications to more than one 
administration of general anesthesia 
bilateral operation should be consid- 
ered. 

Headaches were relieved in 11 of 17 
patients who underwent optic nerve 
sheath fenestration; however, we do 
not believe this operation should be 
used primarily for treatment of head- 
ache. Standard medical treatment of 
headache using analgesics and vigor- 
ous migraine prophylaxis is effective 
in most patients. 
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Table 2.—Overall Patient Data* (cont) 


Symptomatic 
Improvement 


an Follow-up, 
TVO Headache 


Visual 
Field 
Improve- 
ment 


Visual Acuity 
Time to —_— 7 
Defervescence Pre- Post 
of Papilledema Eye operative operative 


6 wk OS; no OD 20/25 20/25 
improvement OS 20/70 20/20 
OD 


OD lateral 8 wk 


Indication for 
Operation/ 
Comments 


Visual loss 


Patient 
No.’Sex/ Surgical 
Age, y Approach 
1S /F/2T OS lateral 


NC OD; +OS 


Decreased visual loss 
ƏS; pressure bolt 
wsed to establish 
pressure elevation 


16 /F / 26 


Decreased visual 
acuity and visual 
felds; systemic 
lupus 
erythematosus 

Progressive decrease 
im visual acuity; 
eontinuous lumbar 
CSF drainage done 
zs vision loss 
continued 


20/80 LP 
20/100 CF 


OD lateral 2 wk OD 
OS lateral 


17 1M/16 


OD lateral 
OS lateral 


18/F/30 





! 19/F/24 OS lateral 2 wk OD 20/20 20/20 +OU + + 9 Visual loss OS > OD 
OD lateral OS 20/40 20/20 
20/F/19 OS lateral 6 wk OD 20/70 20/40 +OU _ _ 24 Rapid onset of visual 
OD lateral OS 20/100 20/25 less 


OD lateral 3 mo OD 20/20 


OS 20/20 


20/15 
20/15 


+OD; NC OS Marked worsening of 
papilledema and 
RAPD; worsening 


ficker 
Visual loss (20/200); 
eense central 


scotoma; cells in 
CSF; stiff neckt 


21/F/26 


OD lateral 1 mo OD 20/20 
OS 20/200 


20/20 
20/20 


22/7/24 NC OD; +OS 


23/F/19 OD medial 4 wk OD 20/15 20/15 12 Appearance of 
OS medial, 14 wk OS 20/20 20/15 7 0D pseudodrusen; huge 
lateral enlargement of blind 
spot, dimming of 
yY vision OS; new 
visual field loss 





ƏS 
OD lateral 20 wk OD 20/40 20/25 Fieid loss; acuity loss 
Os 20/40 20/20 
OD lateral ae OD CF 1 ft NC 
OS lateral OS CF 1 ft NC 


24/F/31 +OD; NC OS F T 19 


25 /M/62 Severe visual loss due 
to unilateral radical 


meck dissection 


Straight sinus 
ecclusion with rapid 


No fields 
performed 


20/50 None 


20/ 200¢ 


26/—/19+ OD lateral OD 
OS lateral OS 


20/2004 
CF 3 ft 


visual loss; died 2 
wk postoperatively 
ef presumed 
pulmonary embolus 


OS lateral OD 20/15 
OSs 20/15 


10 wk OD 20/30 
OS 20/20 


27 /F/27 NC OD; +OS Visual field loss; 


imcreasing RAPD 
Increasing RAPD, 
visual field defect 





OD lateral 20/20 NC OU —TVO wits 5 


20/20 


28 /F /32 


Transient visual obscurations were 
eliminated in 14 of 16 patients. It is 
unclear why papilledema_ should 
improve and transient visual obscura- 
tions should persist. Others have 
shown that transient visual obscura- 
tions have no predictive value for 
visua! loss'* and, in our opinion, the 
elimination of transient visual obscu- 
rations is not a major goal of optic 
nerve sheath fenestration. The pres- 
ence of transient visual obscurations 
in patients without visual loss should 
not be an ndicatien for optic nerve 
sheath fenestration. 

Complications following optic nerve 
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sheath fenestration were minimal. In 
most cases the goals of restoration or 
preservation of visual function were 
met. Postoperative iris sphincter pal- 
sy and accommodative paresis, which 
were often transient, were the rule 
following optic nerve sheath fenestra- 
tion via lateral orbitotomy in our ear- 
ly experience. By taking care to avoid 
the ciliary ganglion and ciliary 
nerves, using microsurgical tech- 
niques, this complication has been all 
but eliminated. We now see only rare 
instances of sector sphincter palsy 
and no accommodative paresis. Eight 
of 40 eyes had poorer visual acuity or 


more restricted visual fields postoper- 
atively or their conditions continued 
to deteriorate after surgery. These 
patients provide a continuing chal- 
lenge. 


Cases That Worsened After Fenestration 


A 27-year-old waman (patient 5) 
had serious monocular visual field 
loss. Following opticmerve sheath fen- 
estration the visual field rapidly 
improved and the afferent pupillary 
defect diminished. A few days postop- 
eratively an upper respiratory tract 
infection developed and during a bout 
of coughing anc sneezing the visual 
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acuity in the eye that had been oper- 
ated on rapidly worsened. Ten days 
after the first optic nerve sheath fen- 
estration the patient underwent reop- 
eration and had evidence of hemor- 
rhage within the optic nerve paren- 
chyma. Visual loss in that eye was 
permanent at an acuity of 20/200. 

A hypertensive 33-year-old man 
(patient 12) had become blind in the 
right eye two weeks earlier because of 
pseudotumor. He was given high-dose 
prednisone therapy for ten days 
before he was referred to us, and was 
losing visual field and visual acuity in 
the left eye. Optic nerve sheath fenes- 
tration performed on the blind right 
eye failed to improve vision but sur- 
gery on the left eye with declining 
vision resulted in an initial enlarge- 
ment of the isopters on Goldmann 
perimetry and visual acuity improved 
from 20/70 to 20/40. Within one week 
of discharge the patient rapidly lost 
vision in his remaining eye despite the 
initial improvement. A lumboperito- 
neal shunt did not improve his 
vision. 

Similar progressive visual decline 
occurred despite surgery in a young 
man (patient 17) with pseudotumor 
secondary to systemic lupus erythe- 
matosus without cerebritis or major 
venous sinus occlusion who was being 
treated with high-dose steroid thera- 
py. Lupus-related ischemic damage to 
the optic disc probably contributed to 
the visual loss. The patient had severe 
lupus-induced nephrotic syndrome 
and visual acuity was poor at the time 
of surgery. 

An obese 18-year-old woman with 
straight sinus occlusion demonstrated 
by computed tomography and arte- 
riography (patient 27) rapidly devel- 
oped constriction of both visual fields 
and loss of visual acuity despite large 
doses of steroids given before referral. 
Both eyes were operated on during the 
same day and during the first three 
days after surgery visual acuity and 
color vision began to return. On the 
fourth day the patient was found to be 
totally blind (no light perception) in 
both eyes. There was no change in the 
optic disc appearance to account for 
the loss of vision. Two weeks after 
discharge from the hospital the 
patient died suddenly of a presumed 
pulmonary embolus. No postmortem 
examination was performed. 

A 31-year-old woman (patient 24) 
was the fifth patient with severe 
visual loss. She had otherwise entirely 
typical idiopathic pseudotumor cere- 
bri, was obese, had no other compli- 
cating factors, and had only a one- 
week history of severe bifrontotempo- 
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ral headache, frequent bilateral tran- 
sient visual obscurations, and blur- 
ring of vision in her left eye. Follow- 
ing surgery her vision transiently 
improved and then deteriorated after 
ten days despite continuous lumbar 
drainage. 

Of these five patients (eight eyes) 
who suffered severe visual loss after 
surgery, two were men and neither 
was obese. They had severe hyperten- 
sion or systemic lupus erythematosus 
and hypertension as complicating fac- 
tors. One patient was a mildly over- 
weight woman who had the misfor- 
tune to develop a postoperative upper 
respiratory tract infection; she had a 
hemorrhage into the optic nerve that 
presumably was the result of a Valsal- 
va maneuver. Only one patient 
with typical, otherwise-uncompli- 
cated, pseudotumor cerebri manifest- 
ed serious visual loss after surgery. 
Whether optic nerve sheath fenestra- 
tion predisposed these patients to sub- 
sequent visual decline is difficult to 
know, but other factors seemed to be 
at least as important as the surgery. 


Indications for Operation 


At present there is no single clinical 
feature or combination of features 
that predicts progression of visual 
loss in any given patient with pseudo- 
tumor cerebri. Apparent severity of 
papilledema, presence of a visual field 
defect at the first visit, transient 
visual obscurations, spinal fluid pres- 
sure, presence of an empty sella turci- 
ca, concurrent pregnancy, and many 
systemic factors have been looked at 
for their predictive value.'? None has 
been helpful. Systemic hypertension 
was reported to be a risk factor for 
visual loss in a follow-up collaborative 
study from Iowa and Philadelphia’; 
however, this observation has not 
been corroborated by others.??! In- 
creased intraocular pressure in rare 
instances may be a risk factor for 
visual loss but its unusual occurrence 
does not account for visual loss in 
most patients with pseudotumor.! 

The diagnosis of pseudotumor cere- 
bri and the state of optic nerve func- 
tion should be securely established 
before optic nerve sheath fenestration 
is considered. Lumbar puncture pres- 
sures obtained with the legs and head 
extended should be greater than 250 
mm H,O since spinal fluid pressures 
between 200 and 250 mm H,O can be 
seen in normal persons.” Cerebrospi- 
nal fluid contents should be normal. 
Computed tomography or magnetic 
resonance imaging of the brain must 
be normal. The clinical ophthalmolog- 
ic examination, especially of visual 


fields and acuity and afferent pupil- 
lary testing, is essential to the accu- 
rate diagnosis and optimal manage- 
ment of all patients with pseudotumor 
cerebri. It should be recalled that loss 
of visual acuity in papilledema can 
occur as the result of anterior ischem- 
ic optic neuropathy,” change in the 
macula,“ and subretinal hemor- 
rhage.*™ Furthermore, functional 
constriction of the visual field in addi- 
tion to papilledema may confound 
clinical judgments even more.! Visual 
loss from these causes is not revers- 
ible with optic nerve sheath fenestra- 
tion; however, it is not always possible 
to identify clearly the precise causes 
of visual decline. 

Current tests of visual function can 
detect optic nerve damage in patients 
with pseudotumor cerebri only after 
one third of fibers have been lost.” 
Visual acuity testing, static and kinet- 
ic perimetry, and relative afferent 
pupillary defect measurement are our 
indicators of optic nerve disease. 
Visual evoked potentials show abnor- 
malities in pseudotumor cerebri only 
when central vision is defective. Cen- 
tral visual loss in pseudotumor cere- 
bri usually appears late in the dis- 
ease’s course. Despite claims to the 
contrary, pattern-reversal visual 
evoked potential shows no promise as 
a sensitive detector of visual loss in 
pseudotumor cerebri. 

The lack of a single objective test to 
follow up these patients is a serious 
problem, as it is with glaucoma. There 
are many clinical and treatment fea- 
tures that glaucoma and pseudotumor 
cerebri have in common. As with the 
treatment of glaucoma, progressive 
visual loss in the face of optimal non- 
surgical therapy is an indication for 
operation. Similarly, in some cases 
noncompliance with medical treat- 
ment and in other cases social factors 
or an inability to measure visual 
fields may influence the indications 
for operation. 

There is no acceptable level of 
visual loss. Repeated careful visual 
field examination of patients with 
pseudotumor cerebri and the use of 
standard clinical ophthalmologic tests 
will identify patients with deteriorat- 
ing vision. Surgical intervention 
should be considered before visual 
acuity and visual fields are severely 
compromised or optic atrophy has 
supervened. We believe that loss of 
visual acuity, appearance of new field 
defects, the enlargement of preexist- 
ing field loss, and an increasing affer- 
ent pupillary defect are indications 
that strongly suggest surgical inter- 
vention. Optic nerve sheath fenestra- 
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tion via lateral orbitotomy, described 
in an article in this issue of the 
ARCHIVES” is effeetive in restoring 
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Destructive Cysts of the Maxillary Sinus 


Affecting the Orbit 


J 
4 


Sara A. Kaltreider, MD, Richard K. Dortzbach, MD 


è Symptomatic maxillary sinus cysts 


_ are diagnosed less frequently than similar 


cysts of the frontal and ethmoidal sinuses 
and are rarely reported in the ophthalmic 
literature. Patients with cysts of the max- 
illary sinus may present to the ophthal- 
mologist with proptosis, enophthalmos, 
diplopia, ptosis, epiphora, and, rarely, 
decreased visual acuity. Four patients 
with maxillary sinus mucoceles are pre- 
sented; one of these patients had a con- 
current retention cyst in the orbit. Clinical 
history, radiologic findings, and histo- 
pathologic mechanisms are discussed. 
Mucocele is a recognized complication of 
the Caldwell-Luc procedure and midface 
trauma. Blockage of the sinus ostia was 
the cause previously proposed to explain 
antral mucocele development. Clinical 
and histopathologic features may support 
more than one single mechanism for the 
pathogenesis of maxillary sinus cysts. 
Maxillary sinus mucocele or retention 
cysts should be considered in the differ- 
ential diagnosis of exophthalmos or 
enophthalmos following blowout fracture 
of the orbital floor. 

(Arch Ophthalmol 
1402) 


1988; 106: 1398- 


(7t of the maxillary sinus may be 

asymptomatic or symptomatic. 
Asymptomatic cysts are frequently 
incidental findings on dental roent- 
genograms and usually do not enlarge 
to produce expansion of the sinus. 
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They are benign mucosal cysts and 
represent retention cysts or pseudo- 
cysts. Retention cysts rarely enlarge 
to fill the sinus and produce facial 
pain. Symptomatic cystic lesions are 
likely to be mucoceles,* which produce 
a spectrum of clinical findings from 
mild enophthalmos to dramatic pro- 
ptosis. Even those patients presenting 
with orbital symptoms are rarely 
described in the ophthalmic litera- 
ture. Multiple mechanisms may be 
involved in the production of maxil- 
lary sinus cysts affecting the orbit. In 
our study, four patients with destruc- 
tive maxillary sinus cysts are pre- 
sented, demonstrating different 
mechanisms of cyst formation. 


REPORT OF CASES 


Case 1.—A 56-year-old man presented 
with a two-year history of gradually pro- 
gressive, painless swelling under the right 
eye. He had sustained a gunshot wound in 
the midface region 30 years earlier that 
caused extensive bony destruction of the 
right orbital floor and maxillary sinus. The 
bullet entered the left maxilla beneath the 
left eye, traversed the nasal cavity, and 
entered the right maxillary sinus. Diplopia 
in extreme upgaze and downgaze was 
present after the injury and persisted. 
Examination showed a visual acuity of 
20/15 OU and 1 mm of exophthalmos and 
upward displacement of the right eye. On 
nasal inspection, collapse of the lower 
nasal septum and alar cartilages was not- 
ed. Roentgenograms of the paranasal sinus 
revealed destruction of the anterior and 
posterolateral walls of the right maxilla, 
zygoma, and the orbital floor. The maxil- 
lary sinus was diffusely opacified. A com- 
puted tomographic (CT) scan confirmed 
these findings and showed extension of the 
mass into the inferior orbit (Fig 1, left and 
right). 

Surgical exploration and removal of the 
lesion was performed by one of us (R.K.D.) 
in conjunction with an otolaryngologist. A 
right lower eyelid crease incision was 
made, and dissection was continued to the 


inferior orbital rim. As the periosteum was 
incised and elevated from the orbital rim, a 
copious amount of mucopurulent material 
was encountered, confirming the diagnosis 
of a mucocele. The entire orbital floor was 
absent as well as the lateral wall of the 
maxillary sinus. A Caldwell-Luc procedure 
was performed that included removal of all 
visible maxillary sinus mucosa. A large 
Teflon implant was placed over the orbital 
floor defect. 

Histopathologic findings of the speci- 
men included fragments of connective tis- 
sue with scattered mononuclear inflamma- 
tory cells and a partial lining of flattened 
ciliated columnar epithelium consistent 
with a mucocele. 

On follow-up examination, the patient’s 
visual acuity was unchanged. Extraocular 
motility appeared full, although he had a 
small right hypotropia in upgaze and a 
small exotropia in up and left gaze. He 
noticed diplopia only in extreme upgaze 
and far left gaze. Four millimeters of 
enophthalmos and a deepened superior sul- 
cus in the right eye were noted six weeks 
after surgery. 

CASE 2.—A 29-year-old man complained 
of the “sunken in” appearance of his right 
eye (Fig 2), which was not evident on a 
photograph taken four months earlier. He 
had no history of preceding sinus or nasal 
disease or of previous trauma. Examina- 
tion showed a visual acuity of 20/10 OU 
and full extraocular motility. Two millime- 
ters of enophthalmos and a deepened supe- 
rior sulcus were noted. The right eye 
appeared displaced downward 1 to 2 mm. 

Roentgenograms of the paranasal sinus 
revealed opacification of the right maxil- 
lary sinus with an indistinct right orbital 
floor. Air was present in the right orbit. A 
CT scan showed evidence of remodeling 
and deformity of the orbital floor and 
complete opacification of the right maxil- 
lary antrum (Fig 3). 

The patient was evaluated by an otolar- 
yngologist and then underwent surgery to 
explore the maxillary sinus using a Cald- 
well-Luc approach. On entry into the max- 
illary sinus, the thin wall of a mucocele 
was encountered and spontaneously rup- 
tured. Mucoid material occupied the entire 
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Fig 1.—Left, Computed tomographic scan of patient 1 shows opacified right maxillary sinus and bony defectssof lateral and 
medial walls of sinus. Right, Mass extends superiorly to involve inferior orbit. 





Fig 2.—Preoperative appearance of patient 2 shows enophthalmos of 


right globe. 





Fig 3.—Coamauted 
patient 2 shows totally opacified right maxil- 
lary sinus with evidence of remodeling of 
orbital floor. 


tomographic scan of 


sinus. The simas mucosa was described as 
normal in appearance. The mucus was 
evacuated, ane the mucosa, due to its nor- 
mal appearance, was not removed. A 
nasoantral wiadow wes made through the 
inferior meatus to the maxillary sinus, 
although the matural cstium was observed 
to be patent during surgery. An orbital 
floor defect wes seen curing the Caldwell- 
Lue procedure, and fat appeared to pro- 
lapse into the sinus. Inferior orbitotomy 
was performed through an infraciliary 
incision, and an orbital floor (Supramid) 
implant was placed over the bony defect. 
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Fig 5.—Before surgery, patient 3 had proptosis and upward displacement of right eye. 


Examination of sections of material 
from the sinus revealed only mucus with 
red blood cells interspersed. No epithelium 
was seen in multiple sections of this speci- 
men. 

A postoperative examination five 
months later showed a visual acuity of 
20/15 OU, 1 mm of right enophthalmos by 
Hertel exophthalmometry, and no superior 
suleus deformity (Fig 4). 

Case 3.—A 26-year-old man with a histo- 
ry of a right orbital floor blowout fracture 
repair nine years earlier presented with 
painless, progress ve proptosis and superi- 


Fig 4.—Postoperative appearance of patient 2 shows improvement of 
enophthalmos. 





ca * Se AS =~ 


or displacement of the right eye (Fig 5). 
On examination, the visual acuity was 20/ 
15-3 OD and 20/15-! OS. Six millimeters of 
proptosis in the right eye was present. 
Extraocular motility was mildly dimin- 
ished in all fields of gaze. The right eye was 
displaced 2 mm laterally and 5 mm 
upward. Vertical diplopia was present in 
upgaze. Striae were visible on retinal 
examination of the right eye. The optic 
nerve appeared normal. Visual fields 
showed a relative defect in the superotem- 
poral quadrant in the right eye, suggesting 
optic nerve injury. 
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Fig 6.—Left, Computed tomographic scan of maxillary sinus of patient 3 shows localized opacity. Right, Computed 
tomographic scan of orbit reveals cyst lesion in inferior orbit pressing on optic nerve and posterior globe. 





Fig 9.—Preoperative picture of patient 4 shows severe enophthalmos 
and downward displacement of left eye. 





Fig 7.—Orbital floor implant and entire cyst wall were removed in 
patient 3. 





Fig 8.—Postoperative photograph of patient 3 shows resolution of 


proptosis and globe displacement in right eye. Fig 10.—Opacified maxillary sinus and destruction of medial and 


posterolateral walls of sinus can be seen on computed tomographic 
scan of patient 4. 


Fig 11.—Postoperative photograph of patient 
4 demonstrates marked improvement of 
enophthalmos and globe position in left eye. 
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A CT seanırevealed a large cystic mass in 
the inferior orbit. An implant located in 
the inferior orbit was visualized on the 
scan. The maxillary sinus was partially 
opacified (Fig 6, left and right). 

The patient underwent surgery for a 
combined anterior orbitotomy and antrot- 
omy to explere the right orbit and maxil- 
lary sinus. ®n incision of the periosteum 
through the inferior orbitotomy, a large 
amount of thin, green liquid material 
extruded from the orbital lesion. Further 
dissection along the orbital floor revealed 
the orbital fioor implant, which was com- 
pletely encapsulated in a cyst. The capsule 
surrounding the implant was dissected 
free from the overlying periorbita and 
underlying erbital fioor and was totally 
removed (fig 7). A Caldwell-Luc procedure 
was performed, and a mucocele was imme- 
diately identified in the anterosuperior 
quadrant of the maxillary sinus. A copious 
amount of thick, opaque mucoid material 
was removed. The material in the orbital 
cystic lesion and the materia! in the maxil- 
lary sinus lesior were distinctly different 
in appearamee and viscosity. No visible 
communie¢ation between the orbital and 
the maxillary simus cysts was noted. The 
remainder of the maxillary sinus, includ- 
ing the mucosa and the natural ostium, 
appeared normal. No nasoantral window 
was created. 

Pathologic examination of the capsule 
enveloping the implant revealed a thin- 
walled, fibrous sac with a partial lining of 
epithelial cells. Microscopic examination of 
the mucoid material from the maxillary 
sinus revealed a Sew scattered inflammato- 
ry cells within an amorphous mass of 
mucus; noepithe!mm could be found in this 
specimen. 

On follow-ap examination at six weeks, 
the patient’s proptosis had resolved and 
the extraccular motility had improved (Fig 
8). Mild residual limitation of upgaze 
remained and the patient continued to 
notice vertical diplopia in extreme upgaze 
and extreme dowmgaze. 

Case 4.—A 43-year-old man sustained a 
softball mjury to the left orbit that 
resulted in an orbital floor blowout frac- 
ture. Three months later, he presented 
with enopathalmos and diplopia in prima- 
ry gaze and upgaze (Fig 9). His visual 
acuity was 20/20 OD and 20/30 OS. Six 
millimeters of erophthalmos and 6 mm of 
downward displacement of the globe were 
noted in the left eye. A CT scan showed 
complete opacifieation of the left maxil- 
lary sinus and destruction of the postero- 
lateral wall of the sinus (Fig 10). 

The patient was operated on to explore 
the inferier orbit and maxillary sinus. A 
small orbital floor defect was located later- 
ally, and alinear crack was noted medially. 
The periorbita was searred to the floor in 
both locations and was dissected free from 
these defects. The orbital floor was easily 
depressed with a Freer elevator (Storz 
Instruments, St Louis), and an orbital floor 
implant was placed. On entry into the 
maxillary sinus by Caldwell-Luc approach, 
a mucocele was emcountered, and postero- 
lateral wall bony defects were noted. The 
patency of the natural sinus ostium could 
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not be confirmed. The mucosa was 
removed, and a nasal antrostomy was per- 
formed. 

The histopathologic specimen showed 
fibrous tissue lined by cuboidal epithelium. 
Chronic inflammatory cells and basophilic 
degeneration of the stroma were present in 
many sections. Necrotic bone fragments 
were seen in some sections. 

On follow-up examination, the patient 
had 20/20 visual acuity OU, 2 mm of 
enophthalmos, and diplopia only in 
extreme upgaze (Fig 11). 


COMMENT 


Several types of cysts occur in the 
maxillary sinus. Gardner’ proposes a 
classification of cysts that divides 
them into three groups—pseudocysts, 
retention cysts, and mucoceles. To 
these categories, cysts of dental ori- 
gin, mucopyoeeles (infected muco- 
celes), and dermoid cysts could be 
added. Cystlike masses around orbital 
floor implants following repair of 
orbital floor blowout fractures have 
been reported and are thought to 
develop from hemorrhage around the 
implant.‘ 

Pseudocysts have no epithelial lin- 
ing and are initiated by extravasation 
of mucus into the connective-tissue 
stroma underlying the maxillary 
sinus mucosa. The contents of these 
cysts are inflammatory exudate, cho- 
lesterol crystals, and giant cells. No 
ducts, glands, or mucosa are present. 

Retention cysts occur as a result of 
blockage of a seromucinous gland in 
the maxillary sinus mucosa.’ A partial 
lining of glandular or ductal epitheli- 
um may be seen lining the cyst cavity. 
Retention cysts rarely occur on the 
roof of the sinus.' Both pseudocysts 
and retention eysts occur most often 
on the floor of the maxillary sinus and 
are usually small, isolated, dome- 
shaped lesions.’ These cysts are com- 
monly incidental findings on roent- 
genograms.'’ 

Mucoceles are destructive cysts 
with fibrous walls and contain thick 
mucoid material. One mechanism for 
formation of mucoceles is blockage of 
the sinus ostium.'** This obstruction 
may be a result of midface or nasal 
trauma, hyperviscosity of mucous 
secretions, polyps, tumors, or inflam- 
mation.’ 

Another meehanism for mucocele 
formation is compartmentalization of 
the maxillary sinus following maxil- 
lary sinus surgery. Som and Shugar* 
estimated that 50% of maxillary sinus 
mucoceles may result from Caldwell- 
Luc procedures. A higher incidence of 
maxillary sinus mucoceles is reported 
in Japan, where Caldwell-Luc surgery 
is more frequently performed. Septa- 





tion of the sinus isolates a portion of 
mucosa from the site of drainage 
through the natural ostium, thus 
forming an expanding cyst. Fracture 
near the natural sinus ostium and en- 
trapment of the mucosa along a frac- 
ture site are rare mechanisms for 
mucocele formatieon.* Symptomatic 
maxillary sinus mucoceles are far less 
common than mucoceles of the frontal 
and ethmoidal sinuses. Their incidence 
may be understated in the earlier 
literature according to Som and Shu- 
gar,’ who reported the incidence of 
maxillary sinus mucoceles to be 10% of 
all paranasal sinus mucoceles. 

Clinical diagnosis of a maxillary 
sinus mucocele may be based on his- 
torical information such as previous 
sinus or nasal surgery, midface trau- 
ma, or chronic sinus inflammation. 
Symptoms of a gradually expanding 
mass with proptosis, cheek fullness, 
pain in the maxillary area, nasal 
obstruction, and loose teeth may be 
present.*'° Ophthalmic findings may 
include upward displacement of the 
globe, proptosis, ptosis, enophthal- 
mos, epiphora, diplopia, and a palpa- 
ble mass in the infraorbital region. 
Nonophthalmic findings associated 
with maxillary sinus mucoceles are 
swelling of the cheek, narrowing of 
the nasal cavity with swelling of the 
turbinates, loosening of the teeth, 
bulging of the kard palate, nasal dis- 
charge, and obstruction and infraorbi- 
tal nerve anesthesia.*”!° 

Roentgenographic findings charac- 
teristically show an expanded, opaci- 
fied, airless maxillary sinus.*”!° If sep- 
tation of the sinus is present, howev- 
er, air may be seen.* Remodeling or 
dehiscence of bane may be present; if 
so, the patient may present with 
enophthalmos rather than exophthal- 
mos.!!:!? 

Intraoperative findings using Cald- 
well-Luc surgery may show a thick- or 
thin-walled cyst with thick mucoid 
contents. If superimposed infection is 
present, the consents may be purulent 
or mucopurulent.” 

Histopathologic sections of a maxil- 
lary sinus mucocele may show a con- 
nective-tissue cyst wall partially lined 
with pseudostratified columnar or 
cuboidal epithelium. The epithelium 
may be flattened or absent in areas 
and is sometimes fragmented and lost 
at the time of surgery or sectioning 
due to its very thin, fragile nature. 
Inflammatory cells may be present 
within the epithelium. The lining of 
mucoceles formed by the blockage of 
the sinus ostium is the maxillary 
sinus mucosa itself. Therefore, unless 
the mucosa is removed at surgery, no 
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epithelium will be seen in the patho- 
logic specimen. The contents consist 
of mucus with scattered inflammato- 
ry cells. Retention cysts may be par- 
tially lined with epithelium, and the 
contents are less tenacious than that 
of mucoceles. 

The four cases reported above dem- 
onstrate different mechanisms of 
mucocele formation. In the first case, 
there was extensive damage due to 
trauma to the area of the medial wall 
and roof of the maxillary sinus. Such 
an extensive injury could easily cause 
obstruction of the ostium of the max- 
illary sinus. (No comment was made 
in the notes from surgery for this case 
regarding the appearance of the natu- 
ral ostium; therefore, the mechanism 
cannot be confirmed by intraoperative 
observations.) Subsequent accumula- 
tion of mucus could cause the progres- 
sive expansion and complete opacifi- 
cation of the sinus. Intraoperative 
findings of abnormal mucosa and 
mucus filling the sinus were typical. 
Flattened ciliated epithelium was 
present in the pathologic specimen, 
and the lining of the mucocele in this 
case would be the sinus mucosa 
itself. 

The mechanism of mucocele forma- 
tion in the second case is less straight- 
forward because of the presentation 
with enophthalmos and the normal 
intraoperative appearance of the 
sinus mucosa and ostium. A thin- 
walled cyst filled with mucoid materi- 
al was described in the notes from 
surgery and was apparently punc- 
tured on entering the maxillary sinus 
using the Caldwell-Luc approach. This 
lesion could have originated from an 
obstructed mucous gland within the 
maxillary sinus mucosa. The cyst may 
have intermittently decompressed 
and, therefore, did not progressively 
enlarge to cause expansion of the 
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sinus with secondary proptosis. 
Enophthalmos associated with a max- 
illary sinus mucocele has been 
explained by dehiscence of the orbital 
floor and by remodeling of the 
bone.''? In the second case, remodel- 
ing of the bone of the orbital floor was 
evident on the CT scan. 

The third case represents two sepa- 
rate and distinct cysts—one in the 
orbit and one in the maxillary sinus. 
The gradually expanding orbital cyst 
most likely resulted from sequestra- 
tion of secreting sinus mucosa either 
at the time of the blowout fracture or 
its repair. This tissue could also have 
grown upward through the orbital 
floor defect later on. Inflammatory 
exudate may have accumulated 
around the orbital floor implant in 
addition to the material secreted by 
the epithelium found there, and the 
maxillary sinus mucocele may have 
resulted from a “trap door” fragment 
of bone, or mucosa, or both closing off 
a compartment in the anterosuperior 
area of the sinus. The accumulating 
mucus could not escape by the usual 
route through the natural ostium and 
thus formed a mucocele. The epitheli- 
al wall of the cyst was not observed in 
the histopathologic specimen and was 
most likely ruptured and lost at the 
time of surgery or sectioning. 

The mechanism of mucocele forma- 
tion in the fourth patient may have 
been sequestration of secretory epi- 
thelium at the time of trauma with 
intermittent decompression of the 
cyst as in the second case. 

Several observations may be made 
on the basis of the four cases pre- 
sented. A blocked natural ostium was 
not confirmed in either of the two 
patients with enophthalmos. A poste- 
rior wall defect did not seem to have a 
direct relationship to presentation 
with enophthalmos. Mucoceles follow- 
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ing an orbital floor blowout fracture 
may produce enophthalmos or exoph- 
thalmos. None of the four patients 
had a history of maxillary sinus sur- 
gery. 

Maxillary sinus mucoceles and 
retention cysts should be considered 
in the differential diagnosis of cysts 
in the inferior orbit. Perhaps blowout 
fracture repairs should include re- 
moval of bone and mucosal fragments 
in the maxillary sinus as well as in the 
inferior orbit to prevent sequestration 
of sinus mucosa or secreting epitheli- 
um within the sinus or orbit. 

Previous trauma obstructing the 
ostium of the sinus and orbital floor 
bony defects may predispose to a clin- 
ical presentation with exophthalmos. 
Mucoceles are a recognized complica- 
tion of maxillary sinus surgery and 
midface trauma. They should also be 
recognized by the ophthalmologist as 
a potential complication of blowout 
fractures. As demonstrated by the 
fourth patient, enophthalmos follow- 
ing orbital floor blowout fracture may 
be a result of mucocele formation and 
not merely entrapment of periorbita 
and fat atrophy. Such cases should be 
investigated with a CT scan of the 
orbit and maxillary sinus. The various 
mechanisms should be considered in 
light of the clinical history and physi- 
cal findings, radiologic studies, and 
histopathologic findings. Sequestered 
secreting epithelium producing a 
retention cyst or traumatic septation 
of the maxillary sinus producing a 
mucocele are possibilities, as well as 
the classic mechanism of blockage of 
the sinus ostium. 
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Orbital Metastases From Prostate Carcinoma 


H. Culwer Boldt, MD, Jeffrey A. Nerad, MD 


® Prostate carcinoma was previously 
thought to be a rare source of orbital 
metastasis. We studied a clinical series of 
eight cases of orbital metastases from 
prostate carcinoma. Presenting symp- 
toms included proptosis, pain, diplopia, 
eyelid-swelliag, decreased vision, ptosis, 
and red eye. The mean age at onset was 
72.1 years. In the of the eight patients, 
evaluatiomot the orbital masses led to the 
diagnesis of prostate carcinoma. Of the 
six patients im whom computed tomogra- 
phy was performed, four had predomi- 
nantiyostee silastic lesions. In our experi- 
ence, he rapid development of an osteo- 
blastic orbital lesion in an elderly man is 
highly suggestive of metastatic prostate 
carcinoma. 
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i leew repor'ed mcidence of metastatic 
neoplasms te the orbit varies from 
2% to 10% of all orbital neoplasms.'* 
Henderson" found 43 metastatic carci- 
nomas (78%) among 552 consecutive 
orbital mecplasms. The actual inci- 
dence today may be much higher 
because of the increased longevity of 
patients with cancer and because 
many patients with severe metastatic 
disease never undergo orbital evalua- 
tion or autopsy. Breast and lung can- 
cer are clearly the most common 
sources of orbital metastases (exclud- 
ing leukemia and lymphoma).'* Al- 
thougn prostate metastases to the 
orbit have beem considered extremely 
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rare, a recent study placed prostate 
cancer as the third most commonly 
identified primary site for orbital 
metastasis. We report on a clinical 
series of eight cases of prostate carci- 
noma metastatic to the orbit, to our 
knowledge, the largest series of such 
cases described. 


PATIENTS AND METHODS 


Since 1974, eight patients with orbital 
metastases from prostate carcinoma have 
been examined in the University of Iowa 
(Iowa City) Department of Ophthalmology 
(Table 1). Six of these patients were identi- 
fied by retrospective review of 1979 
patients admitted to the University of 
Iowa Hospitals and Clinics with metastatic 
prostate disease from January 1974 
through May 1987. Two additional cases 
were identified by reviewing outpatient 
files of the Oculoplastic, Orbital, and 
Oncology Section. Each patient underwent 
a complete ophthalmic examination in our 
department, and each had a rapid onset of 
symptoms consistent with an orbital mass 
lesion. Computec tomography (CT) was 
performed in six of eight patients, and 
standardized echegraphy was used in sev- 
en of eight patients. All patients had 
pathologic confirmation of prostate carci- 
noma, and six of eight patients had bone 
scans consistent with metastatic disease. 
Only two patients underwent biopsy of 
their orbital metastases, which in both 
cases proved to be adenocarcinoma. 

In the six patients who did not undergo 
orbital biopsy, the criteria for presumed 
prostate carcinoma orbital metastasis 
included the following: biopsy-confirmed 
prostate carcinoma (six patients), other 
sites of radiographically documented 
osteoblastic metastases (six), abnormal 
bone scan (five), and abnormal orbital 
echogram (five) Systemic evaluation 
failed to detect evidence of any other con- 
current neoplastie process in our patients. 
Mean Snellen visual acuity was calculated 
by converting the Snellen acuity fraction 
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to the minimal angle of resolution, averag- 
ing to find the mean, and reconverting to 
Snellen acuity. Mean survival time was 
calculated by means of the LIFETEST 
procedure of the SAS software system for 
data management ane statistical analy- 
sis.° 


REPORT OF CASES 


Two case histories are presented. The 
first is of a patient in whom prostate 
carcinoma was diagnosed before his oph- 
thalmic symptoms. developed. Of interest, 
this patient also had bilateral asymptom- 
atic choroidal metastases. The second 
patient had no history of prostate earcino- 
ma. 

Case 5.—A 60-year-old man presented 
with a two-month history of a progressive 
left upper eyelid mass, pressure behind the 
eye, and diplopia. Fe had a six-year history 
of prostate carcmoma and had been 
treated for diffuse bomy metastases three 
years after his diagnosis. 

Visual acuity was 20/20-—2 OD and 
20/20 OS. Examination of the left eye 
showed an elevation deficiency, 4 mm of 
ptosis, and a hard, smooth mass involving 
the superorbital rm, displacing the globe 
inferiorly (Fig 1} Fundus examination 
revealed serous detachments bilaterally, 
with minimally elevated choroidal lesions 
in the temporal retinas. A CT scan 
revealed an osteoblastic lesion of the roof 
and left lateral orbital wall with soft- 
tissue extension (Fig 2). Echography con- 
firmed the left orbital metastasis as well 
as the bilateral cheroical metastases. 

The patient was treated with 30 Gy of 
radiation to his orbits, resulting in marked 
reduction in the glebe ptosis and elevation 
deficiency and resclution of the choroidal 
metastases. He died 11 months later of 
widespread metastaticsdisease. 

Case 7.—A 68-year-old man presented 
with a two-month history of progressive 
right proptosis associated with diplopia in 
downgaze and slightly decreased visual 
acuity. The patient had no history of pros- 
tate carcinoma. 
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Visual acuity was 20/20+ OD and 20/15 
OS. Examination showed a mild restriction 
to elevation in upgaze in the right eye. 
Hertel exophthalmometry measurements 
were 23 mm OD and 19 mm OS. External 
examination showed fullness of the right 
upper eyelid and moderate conjunctival 
hyperemia (Fig 3). 

Echography showed a superonasal orbit- 
al mass consistent with metastatic disease. 
An orbital CT scan disclosed irregular 
bony hyperostosis of the medial wall of the 
right orbit, with a surrounding soft-tissue 
mass (Fig 4). These osteoblastic changes 
were thought to be consistent with pros- 
tate carcinoma, and the preliminary diag- 
nosis of prostatic metastasis to the right 
orbit was established. On further question- 
ing, the patient gave a history of urinary 
hesitancy and dribbling. He was referred 
to the Department of Urology, where nee- 
dle aspiration of the prostate revealed 
adenocarcinoma. A bone scan showed 
areas of increased uptake in the right 
orbit, spine, ribs, and pelvis. 

The patient entered a therapeutic trial 
and received a luteinizing hormone-releas- 
ing hormone (LHRH) agonist, nafarelin 
acetate. Three months later, the patient’s 
diplopia had resolved. Visual acuity was 
20/15 OD and 20/20 OS. The proptosis of 
the right eye had decreased by 3 mm. A 
second CT scan demonstrated resolution of 
the soft-tissue mass, with sclerosis of the 
bony lesion. The patient continued to do 
well with no orbital tumor recurrence one 
year later. 


RESULTS 


Table 1 summarizes the clinical pre- 
sentation, diagnostic workup, treat- 
ment, and outcome for each patient. 
The mean age at presentation was 72.1 
years (range, 58 to 89 years), and the 
mean onset of symptoms before exam- 
ination in our department was 6.6 
weeks (range, one week to four 
months). On initial examination, 
patients complained of proptosis (six 
patients), diplopia (six), pain (five), 
eyelid swelling (three), ptosis (three), 
and decreased visual acuity (two). The 
right orbit was involved in seven of 
eight patients. The mean Snellen acu- 
ity was 20/40 on initial examination. 

Diagnostic orbital tests included CT 
and standardized echography. Com- 
puted tomography was performed on 
six of eight patients, and lesions were 
characterized as predominantly osteo- 
blastic (four patients), predominantly 
osteolytic (one), or entirely soft tissue 
(one). The osteoblastic lesions ap- 
peared as hyperostotic orbital bone 
with irregular, often spiculated, new 
bone invading a surrounding soft- 
tissue mass (Figs 5 and 6). The osteo- 
lytic lesion destroyed the landmarks 
in the region of the sella turcica and 
the right optic canal. The soft-tissue 
lesion involved the orbital apex, dif- 
fusely infiltrating the right inferior 
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Date of 
Patient/ 1st 

Age, y Examination Symptoms 

1/84 6/12/74 6 wk of proptosis, 
ptosis 

2/75 3/24/78 1 mo of diplopia, 
pain 

3/80 9/29/78 3 wk of lid 
swelling, pain, 
proptosis, 
diplopia 

4/63 3/6/81 6 wk of proptosis, 
ptosis, 
decreased VA, 
diplopia, pain 

5/60 2/2/84 2 mo of pain, 
diplopia, upper 
lid mass 

6/58 6/7/86 1 wk of lid 
swelling, red 
eye, proptosis 

7/68 9/29/86 2 mo of proptosis, 
diplopia, 
decreased VA 

8/89 2/5/87 4 mo of proptosis, 


periorbital 


swelling, diplopia 


Table 1.—Clinical Course of Eight Patient 


Location 
of ET 
Metastasis VA Findings 

R roof 20/50— 

R optic canal; 20/30 Lytic parasellar 
sella mass 
turcica 

R roof 20/30 

R roof, lateral 20/200 Osteoblastic 
orbital wall 

L roof, lateral 20/20 Osteoblastic 
orbital wall 

R apex 20/25+ Soft-tissue 

apical lesion 

R apex, 20/20 Osteoblastic 
ethmoid 

R orbital 20/50 Osteoblastic 
apex, roof 


*VA indicates visual acuity; CT, computed tomography; LHRH, luteinizing hormone-releasing hormone. 


and medial recti. 

Standardized echography was per- 
formed in seven of eight patients. Six 
of these studies were consistent with 
the diagnosis of metastatic tumor, 
showing an irregularly outlined mass 
with a typical V-shaped echogram. 
The only exception to this was in 
patient 8, in whom involvement of the 
posterior optic canal and sella was out 
of the range of echography. 

Therapy after the diagnosis of met- 
astatic prostate carcinoma to the 
orbit included radiation (five pa- 
tients), hormone therapy (two), 
orchiectomy (one), chemotherapy 
(one), and surgical excision (one). 
Median survival time from diagnosis 
of orbital metastasis to death in the 
six patients who died was 26 months. 


COMMENT 


Prostate carcinoma is the third 
most common type of cancer in men 
(after nonmelanoma cancer of the 
skin and lung cancer) and ranks third, 
after lung and colon cancer, in deaths 
from cancer in men.’ Distant metasta- 
ses occur in 70% to 90% of patients 
with prostate carcinoma.’ The most 
common site of metastasis is bone, 
and 66% to 90% of these lesions 
are osteoblastic.” To our knowledge, 
40 cases of prostate metastases to 


the orbit have previously been re- 
ported. !45122 

Orbital metastases from prostate 
carcinoma have many similarities to 
other orbital metastases in their pre- 
sentation. Typically, they present 
with a rapid onset of symptoms, 
including proptosis, diplopia, redness, 
eyelid swelling, decreased visual acu- 
ity, ptosis, and epiphora. Pain is much 
more common in metastatic lesions 
than in primary orbital tumors.” Like 
other orbital metastases, prostatic 
orbital metastases frequently are 
detected before the discovery of the 
primary neoplasm. At least 58% of 
the reported prostate metastases to 
the orbit presented with orbital symp- 
toms as the initial manifestation of 
prostate carcinoma. This compares 
with the figure from Henderson’s! 
series of ocular metastases from all 
types of cancer, in which 30% of 
tumors presented initially with ocular 
symptoms. Prostate metastases also 
produce a V-shaped echogram when 
imaged by A-scan echography. This 
pattern results from the lower acous- 
tic reflectivity seen in the center of 
metastatic tumors, where a dense cel- 
lular infiltrate is present. The periph- 
eral part of the tumor, which is inter- 
mixed with normal orbital tissue, 
produces high acoustic reflectivity 
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"With Prostate Careimoma Metastatic to the Orbit* 


Pathologic Findings 


Treatment After 


Echographiic History of Diagnosis of 
indings Orbit Prostate Prostate Carcinoma Orbital Metastasis Follow-up 
Abnorma! Adenocarcinoma Adenocarcinoma No 45 Gy to orbit Proptosis resolved; ptosis 
persisted; tumor 
recurred 11/78; orbital 
biopsy positive; died 
8/21/79, unknown 
cause 
Abnormal Adenocarcinoma Adenocarcinoma Yes Transsphenoidal Proptesis decreased; 
with osteoblastic tumor resection, dipl@pia resolved; died 
changes radiation 8/31/81 of stroke 
Abnormal No biopsy Adenocarcinoma Yes 27 Gy to orbit Cecreased pain, 
proptosis, diplopia; died 
6/29/79, unknown 
cause 
Abnormal No biopsy Adenocarcinoma Yes 30 Gy to orbit, Cecreased enophthalmos; 
cyclophosphamide, VA improved to 20/40, 
estramustine ptosis reduced; died 
6/ 1/81 of metastatic 
~g disease 
Abnormal! No biopsy Adenocarcinoma Yes 30 Gy to orbit Decreased proptosis, 
diplapia; died 1/20/85 
of metastatic disease 
Abnormal No biopsy Adenocarcinoma Yes 30 Gy to orbit Died 7# 31/86 of brain 
metastases (before 
follow-up) 
Abnormal! No biopsy Adenocarcinoma No Nafarelin acetate Proptasis and diplopia 
(LHRH agonist) resoived; VA improved 
to 20/15; doing well 
Normal No biopsy Adenocarcinoma No Bilateral orchiectomy Decreased proptosis, 
diplepia; doing well 
wy with higher echographic spikes.” static disease present as osteolytic been reported at 1:7. We do not find 
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Orbital metastases from prostate 
carcinoma differ from other orbital 
metastases in two major features. 
First, the mean age at onset of symp- 
toms is much greater for patients 
with orbital metastases from the 
prostate than for those with all other 
orbital metastases (70.1 years vs 53.6 
years).* Seeend, whereas most orbital 
tumors present as osteolytic lesions or 
soft-tissue masses, prostate metasta- 
ses to the erbit frequently present as 
osteoblastic lesions. 

Osteoblas'ic changes result when 
osteoblasts are stimulated to produce 
new bone formation. These changes 
are recognized on CT scans as an 
increase in the volume of bone, which 
is seen best in the orbit by comparing 
the involved region with the contra- 
lateral uninvolved orbit. In contrast, 
osteolytic changes are mediated by 
osteoclasts. Osteolytic changes are 
recogmized on CT scans as a decrease 
in the volume of bone, or an excavated 
bony defect. in the region of the 
lesion. Many previous reports of pro- 
static erbita. metastases did not com- 
ment on the presence or type of bony 
involvement, but im our series CT 
scans revealed predominantly osteo- 
blastic lesions in four of six patients. 
Most ether causes of orbital meta- 
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lesions or soft-tissue lesions. By alter- 
ing the contrast on the CT images to 
enhance bone details (“bone win- 
dows”), changes in the amount of bone 
caused by the orbital lesion can more 
clearly be seen. 

Since bone is the most common site 
of prostate metastases, and up to 90% 
of bony metastases outside the orbit 
are osteoblastic, it is reasonable to 
assume that most orbital metastases 
will manifest as osteoblastic lesions. 
Osteolytic lesions and mixed osteo- 
blastic-osteolytic lesions are also 
seen, but these are more common in 
the terminal stages of the disease, 
when the diagnosis of prostate carci- 
noma is more obvious.” It is interest- 
ing that several previous case reports 
contained descriptions of osteolytic 
orbital lesions, while the accompany- 
ing CT scans clearly showed osteo- 
blastic lesions.'*?? One must not be 
misled by the irregular borders of new 
bone deposition that may be seen in 
an osteoblastic lesion, misinterpret- 
ing these as motheaten osteolytic 
changes. The bone windows will clear- 
ly show the increased volume of bone 
in the lesion compared with the unin- 
volved orbit. 

The ratio of metastatic carcinomas 
in the orbit to those in the eye has 
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prostate carcincma to follow this 
trend. Reported eases of orbital pros- 
tate metastases outnumber ocular 
prostate metastases by a ratio of 
4.4:1. To our knowledge, only eight 
ocular metastases from prostate car- 
cinoma have been reported.” The high 
proportion of bany lesions in meta- 
static prostate disease probably 
accounts for this relative increase in 
orbital metastases compared with 
ocular lesions, but a prospective study 
would be necessary to establish this 
ratio more firmly. 

Other conditions may lead to osteo- 
blastic changes in the orbit (Table 
2), 2103228 but clinical history as well 
as CT scans help distinguish these 
osteoblastic lesions from prostate 
metastases. The en plaque type of 
meningioma appears as a flat hyper- 
ostotic lesion, most commonly seen in 
the lesser wing of the sphenoid and 
superior orbital fissure.??’ A prostatic 
metastasis has been confused with 
meningioma en plaque, resulting in an 
unnecessary craniotomy.” The 
smooth border of this meningioma is 
quite distinct from the CT appearance 
of osteoblastic spicules seen in our 
cases of prostate metastases. The clin- 
ical presentation of meningioma en 
plaque, typically a slewly progressive 
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exophthalmos and loss of vision in 
women in their 30s, should also aid in 
the distinction. Osteomas of the orbit, 
usually presenting in middle age, can 
be distinguished by their slow onset of 
symptoms as well as their sharply 
defined margins on CT.” Osteogenic 
sarcomas, which can produce a lesion 
similar to prostatic carcinoma, usual- 
ly develop in childhood or young 
adulthood, but Fu and _ Perzin® 
described a 54-year-old patient with 
osteogenic sarcoma. This tumor usu- 
ally starts in a sinus, may occur after 
radiation therapy, and may be seen in 
the context of inherited retinoblasto- 
ma. Monostotic Paget’s disease can 
also produce an osteoblastic lesion, 
but this lesion is usually painless. The 
onset of symptoms is also slower, and 
there is no surrounding soft-tissue 
mass.’ On rare occasions osteoblas- 
tic metastases, presenting primarily 
as a sclerotic rim of bone surrounding 
a lytic lesion, have been reported to 
arise from other primary carcinomas, 
lymphomas, and leukemias.’ Subper- 
iosteal osteoblastic changes can occur 
in osteomyelitis, but these lesions 
manifest much more bony destruction 
than formation.’ Fibrous dysplasia, 
ossifying fibromas, neurofibromato- 
sis, and osteoblastoma are osteoblas- 
tic lesions of childhood or young 
adulthood.*'*** Since there are other 
unusual causes of osteoblastic orbital 
lesions not representing metastases 
from prostate carcinoma, elderly men 
with osteoblastic orbital metastases 
and normal results of a prostate eval- 
uation should undergo a thorough sys- 
Fig 2.—Orbital computed tomographic scan in patient 5, showing osteoblastic lesion (arrows) in temic evaluation. 
left anterior orbital roof. In cases where a suspected meta- 
static orbital lesion is osteolytic or 
primarily soft tissue, biopsy (open or 
fine-needle aspiration) may be useful 
in establishing the diagnosis. When 
present, prostate-specific antigens or 
acid phosphatase granules establish 
the diagnosis of prostate carcino- 
ma.' We think, however, that the 
workup of an osteoblastic orbital 
metastasis in man over 50 years of age 
should be initiated with a urologic 
evaluation instead of proceeding 
directly to orbital biopsy, because 
most of these patients will be found to 
have metastatic prostate carcinoma. 
The course of metastatic prostate 
carcinoma is variable and not well 
documented. The mean survival after 
documentation of distant metastasis 
has been reported as 16.3 months.” If 
distant metastases were noted on ini- 
tial presentation, patients did poorly, 
` with two thirds dying within nine 
Fig 3.—Appearance of patient 7, with two-month history of right proptosis, diplopia on downgaze, months.” Our mean survival time for 
and mildly decreased visual acuity. patients with orbital prostate metas- 





Fig 1.— Appearance of patient 5, with two-month history of pain, diplopia, and left upper eyelid 
mass. 
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Fig 4.— Orbital computed tomographic scan in patient 7, showing irregular osteoblastic lesion 


(black arrow) of right posterior medial orbital wall surrounded by soft-tissue mass (white 


arrow). 


Fig 5.— Orbital computed tomographic scan in patient 8, showing osteoblastic lesion (arrow) with 





irregular borders involving orbital apex, with surrounding soft-tissue mass. 





Fig 6.—Bone windows of orbital computed tomographic scan in patient 8, illustrating irregular 
spiculated borders of osteoblastic lesion (arrow). 


tases of 26 months is not statistically 
significantly different from the mean 
survival of all patients with distant 
prostatic metastases. However, the 
survival characteristics of the three 
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patients in our series who presented 
with ocular metastases as their initial 
sign of prostate carcinoma were rela- 
tively good. One survived more than 
62 months, and two were alive and in 
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Table 2.—Diseases That May Cause 
Osteoblastic Orbital Lesions 


Prostate carcinoma 

Osteoma 

Meningioma en plaque 

Paget's disease 

Osteogenic sarcoma 

Other primary carcinomas, lymphomas, 


leukemias 
Osteomyelitis 
Fibrous dysplasia 
Ossifying fibroma 
Osteoblastoma 
Neurofibromatosis 





partial remission after nine months 
and one year, respectively. 

Treatment of prostate metastases 
to the orbit is palliative and does not 
in itself alter survival time.'> Hor- 
mone manipulation of diffuse meta- 
static disease, however, has been 
shown to alter the course of the dis- 
ease. Seventy pereent to 80% of these 
patients respond to hormone therapy, 
with an average response of 18 
montis. Relapse and progression to 
death usually oceur in two to three 
years. The five-year survival rate for 
patients with metastatic carcinoma is 
25%, with only 10% surviving ten 
years.” In patients with solely osteo- 
blastic bone metastases, the lesions 
are hormone sensitive, and prolonged 
remissions are possible.” Terminal 
stages of metastatic disease are more 
often associated with the appearance 
of osteolytic changes that are resis- 
tant to hormone therapy and undergo 
only short remissions with chemo- 
therapy. 

Local radiation is an effective alter- 
native treatment and was the most 
commonly used therapy in our series. 
Radiation alone resulted in palliation 
of symptoms in at least two of our 
patients. In a series of 37 patients who 
received radiation therapy for ocular 
or orbital metastatic carcinoma, 
89.9% responded to 30- to 56-Gy doses 
with tumor regression and improve- 
ment of symptoms.” 

More recently, LHRH agonists have 
been used to create a chemical 
hypophysectomy that is selective for 
gonadotropins, but these agents cause 
an initial testosterone surge lasting 
five to 15 days, which results in acute 
tumor growth.” The use of LHRH 
agonists is contraindicated in spinal 
lesions where cord compression is a 
concern. Similar reasoning may con- 
traindicate the use of LHRH agonists 
as single agents in lesions producing 
compressive optic neuropathy. 

In conclusion, prostate metastases 
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to the orbit appear to be more com- 
mon than the literature indicates. In 
men over 50 years old, with the rapid 
onset of an orbital mass and a CT scan 
showing a spiculated osteoblastic 
lesion, prostate carcinoma must be 
strongly suspected. Biopsy of the 
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Hemangiomalike Masses of the Retina 


Peter A. Campochiara, MD, Brian P. Conway, MD 


® We have followed five patients, each 
of whom had a solitary unilateral vascular 
mass of the sensory retina. The lesions 
were white or pink and often had hemor- 
rhage and exudate en their surface or 
surrounding area. They appeared to be 
acquired, as three of the five patients 
were specifically noted to have normal 
fundi at some time before presentation. 
Fluorescein angiography and angioscopy 
demonstrated the masses to be com- 
posed of numerous vessels supplied by 
the retinal circulation. Slow growth was 
documented in one patient. Visual loss 
was variable and was due to leakage- 
related complications, including exuda- 
tive detachment, recurrent vitreous hem- 
orrhage, and cystoid macular edema. 
Four patients were treated with cryopexy, 
and in all four, this successfully caused 
involution of the lesions. Two patients 
had improvement in vision after treat- 
ment: ene had stabilization, and one had 
deterioration. This report provides sup- 
port for the existence of a distinct entity 
that we have called hemangiomalike mass 
of the retina, since no histopathologic 
evidence is yet available (to our knowl- 
edge). It atso supports the use of judi- 
cious cryopexy to lesiens associated with 
visual loss. 

(Arch Ophthalmol 
1473) 


1988; 106: 1409- 


n 1983, Shields et al' presented a 
series of 12 patients, each of whom 
had a peripheral solitary vascular 
mass of the sensory retina. Based on 


the clinical appearance of the lesions, 
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their appearance on fluorescein angi- 
ography, and the absence of similar 
lesions in family members, they 
believed that the lesions represented 
acquired benign vascular tumors, 
most likely a variant of capillary hem- 
angiomas. However, it was the 
impression of the discussant of the 
report that the eases presented by the 
authors represented pseudoangiomas, 
perhaps from several different causes, 
therefore casting doubt on the exis- 
tence of the entity of acquired retinal 
hemangiomas. We are unaware of any 
subsequent work in the literature that 
has helped to clarify this issue. 

Over the past few years, we have 
had the opportunity of following five 
patients, each of whom had a unilater- 
al solitary vascular mass of the retina. 
This report deseribes their presenta- 
tion and clinica! course. 


REPORT OF CASES 


Case 1.—A 36-year-old woman was 
referred to us because of a two-week histo- 
ry of blurred visicn in her left eye. Visual 
acuity was 20/20 OD and 20/50 OS. Anteri- 
or segments were normal. Results of oph- 
thalmoscopic examination were normal in 
the right eye, but in the left eye, there was 
a shallow serous detachment in the macula 
with numerous exudates throughout the 
midperiphery in the superotemporal quad- 
rant. In the far superotemporal periphery, 
there was an elevated 3 X 2 X 1-mm white 
mass that contained numerous blood ves- 
sels. There was hemorrhage and exudate 
on the surface of the mass and in the retina 
surrounding it (Color Fig 1, left). Fluores- 
cein angioscopy confirmed the vascular 
nature of the lesion as it appeared to be 
composed of numerous blood vessels that 
filled from the retinal circulation and 
leaked late. 

The patient had no neurologic symp- 
toms, and results of neurologic examina- 
tion were normal. Family history was neg- 
ative for tumors of the eye, brain, or 
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elsewhere, and dilated fundus examination 
of the patient’s parents and only sibling 
showed no evidence of any retinal masses. 
The patient had computed tomographic 
(CT) scans of the head and abdomen that 
were normal. 

One month after the initial examination, 
the patient still had visual acuity of 20/50 
OS, and she was eomplaining bitterly of 
metamorphopsia and micropsia. There- 
fore, the lesion was treated with cryopexy, 
using three partially overlapping freezes to 
encompass the entire lesion and surround- 
ing retina. 

On follow-up examination eight days 
after treatment, the patient noted visual 
improvement but still complained of meta- 
morphopsia and micropsia. Visual acuity 
was 20/25+3 OS and ophthalmoscopic 
examination showed that the serous 
detachment had flaitened. The exudates in 
the superotemporal quadrant were un- 
changed, and the lesion appeared some- 
what whiter, but still appeared to contain 
some patent blood vessels. Six weeks after 
treatment the patient still complained 
of mild micropsia. Visual acuity was 
20/20 — 1 OS. On ophthalmoscopic exami- 
nation the macula appeared normal, there 
was no definite change in the exudates, and 
the lesion appeared significantly involuted. 
Six months after treatment the patient 
was asymptomatic. Visual acuity was 
20/20 — 1 OU. Ophthalmoscopic examina- 
tion showed the lefi macula to be normal, 
the exudates in the superotemporal quad- 
rant had completely resorbed, and the 
lesion had completely involuted (Color Fig 
1, right). 

CasE 2.—A 6l-year-old woman was 
referred for an acute posterior vitreous 
detachment and a retinal tear in her left 
eye. Medical history was remarkable for 
arthralgias due to lupus, but the patient 
had been free of disease for three years 
before presentation. Visual acuity was 
20/20 OU. Ophthalmoscopic examination 
with scleral depression showed normal 
findings in the right eye and a posterior 
vitreous detachment and a large horseshoe 
tear in the superotemporal quadrant in the 
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left eye. The tear was surrounded with 
cryopexy. Postoperatively, the retina 
remained flat, and the tear appeared well 
sealed, but the patient’s visual acuity 
decreased to 20/40 OS due to mild cystoid 
macular edema. 

The patient returned to her referring 
physician and had no problems until three 
years later when on a routine examination, 
a retinal mass was noted in her right eye, 
and she was referred back for evaluation. 
Visual acuity was 20/20 OD and 20/40 OS. 
Anterior segments were normal. Ophthal- 
moscopic examination in the right eye 
showed a normal disc and normal macula. 
However, 6 disc diameters temporal to the 
macula, there was a 6 X 4 X 3-mm white 
mass containing numerous blood vessels 
(Color Fig 2, top left). The mass appeared 
to involve the full thickness of the retina 
and was exophytic. As a result, the sur- 
rounding retina was detached and 
appeared draped over the mass. Exudate, 
which surrounded the mass, was most 
prominent at the borders of the detached 
retina. A fluorescein angiogram demon- 
strated the vascular nature of the mass, 
which was supplied and drained by the 
retinal circulation (Figure). Notably the 
feeder vessel and draining vein were not 
dilated and tortuous as commonly seen 
with von Hippel angiomas (Figure). The 
mass leaked profusely, and in the recircu- 
lation phase, mild cystoid macular edema 
was noted. 

The patient had no neurologic symp- 
toms, and results of neurologic examina- 
tion were normal. Family history was neg- 
ative for tumors of the eye, brain, and 
elsewhere, and dilated fundus examination 
of three siblings showed no evidence of any 
retinal masses. The patient had CT scans 
of the head and abdomen that were nor- 
mal. 

The lesion was observed, and over the 
course of 18 months, progressive enlarge- 
ment occurred (Color Fig 2, top right) and 
was associated with a progressive decrease 
in visual acuity to 20/60 OS due to worsen- 
ing of cystoid macular edema. Therefore, 
four contiguous applications of transscler- 
al cryopexy were used to treat the entire 
lesion. Visual acuity improved to 20/50 OS; 
however, there was only a small decrease 
in the size of the lesion, and fluorescein 
angiogram showed persistent leakage and 
cystoid macular edema. Therefore, four 
months after the initial treatment, the 
lesion was retreated with four minimally 
overlapping applications of cryopexy. Post- 
operatively, partial involution of the lesion 
occurred over two months, and visual acu- 
ity improved to 20/40 OS. However, four 
months after treatment, visual acuity was 
20/70 OS, and fluorescein angiogram dem- 
onstrated persistent leakage. Therefore, 
the lesion was treated for a third time with 
transscleral cryopexy. Two months after 
treatment, visual acuity was 20/60 OS, and 
the lesion appeared completely involuted 
(Color Fig 2, bottom left). Over the next six 
months, the patient’s visual acuity 
decreased to 20/200 OS due to cataract. A 
cataract extraction was performed, and 
the patient’s postoperative visual acuity 
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has remained stable at 20/70 OS. 

Case 3.—A 54-year-old man was referred 
for a white retinal mass containing many 
vessels in his left eye, noted on routine 
examination. His ophthalmic history was 
remarkable for a left esotropia with visual 
acuity of 20/50 OS due to amblyopia. He 
also had asteroid hyalitis in the left eye 
and had had a left medial rectus recession 
and lateral rectus resection for cosmetic 
reasons six years before presentation. 
Results of yearly dilated fundus examina- 
tions for the six years preceding presenta- 
tion were specifically noted to be normal 
except for asteroid hyalitis in the left 
eye. 

Visual acuity was 20/20-—2 OD and 
20/50 OS. Eyes were straight in primary 
position with mild limitation of abduction 
in the left eye. Anterior segments were 
normal. Results of ophthalmoscopic exam- 
ination were normal in the right eye. In the 
left eye the media were somewhat hazy due 
to asteroid hyalitis. The disc and macula 
were normal, and there was a 4.5 X 8 X 3- 
mm white mass containing numerous 
blood vessels in the inferotemporal quad- 
rant just anterior to the equator. There 
was hemorrhage and exudate associated 
with the blood vessels on the summit of the 
lesion. 

The patient had no neurologic symp- 
toms, and results of neurologic examina- 
tion were normal. Family history was neg- 
ative for tumors of the eye, brain, or 
elsewhere, and seven siblings were found 
to have completely normal results of di- 
lated fundus examinations. The patient 
refused a CT scan. 

No treatment was recommended, and 
the patient did well until six months later 
when he presented with a sudden decrease 
in vision in his left eye. Visual acuity was 
20/300 OS. Ophthalmoscopie examination 
showed a partial posterior vitreous detach- 
ment with a vitreous hemorrhage that 
appeared to emanate from the summit of 
the lesion. The patient was followed, and 
there was partial clearing of the vitreous 
hemorrhage over three months when there 
was another sudden decrease in vision in 
the left eye. Visual acuity was 20/300 OS, 
and ophthalmoscopic examination demon- 
strated recurrent vitreous hemorrhage 
originating from the summit of the lesion. 
A vitrectomy was performed. Two weeks 
postoperatively visual acuity was 20/70 
OS; however, two weeks later it dropped to 
20/200 due to recurrent vitreous hemor- 
rhage. Over the next four months there 
were several recurrent vitreous hemor- 
rhages, and the media never cleared 
enough to permit photocoagulation. There- 
fore, a vitreous washout was performed 
followed by cryopexy consisting of double 
freeze-thaw to the lesion. Postoperatively, 
the visual acuity was 20/60 OS, and involu- 
tion of the lesion was noted to occur over 
two months. During the subsequent 18 
months, visual acuity has remained 20/70 
OS, and there have been no recurrent 
vitreous hemorrhages. 

Case 4.—A 50-year-old man was referred 
for a two-month history of decreased 
vision and a shadow in his right eye. 


Ophthalmic history was remarkable for an 
intermittent anterior uveitis in both eyes 
since age 34 years and cataract extractions 


in both eyes ten years previously. Visual y 


acuity was 20/200 OD and 20/40 OS. Visual 
fields showed a superonasal field defect in 
the right eye. Slit-lamp examination dem- 
onstrated a small number of keratitic pre- 
cipitates and flare (1+) in both eyes. Oph- 
thalmoscopic examination in the right eye 
demonstrated a 4 X 4 X 3-mm white mass 
in the inferotempora! quadrant just poste- 
rior to the equator (Color Fig 3). It was 
surrounded by exudate that extended 
posteriorly to the inferotemporal arcade 
vessel. In the left eye, there was mild 
pigmentary change in the macula and mild 
arteriolar narrowing, but no other abnor- 
malities. 

The patient had a history of back pain 
and lower extremity weakness that had 
been extensively investigated with no spe- 
cific cause found. Head and body CT scans 
were normal. The patient’s brother, sister, 
and two half-brothers were reported to 
have normal results of eye examinations 
by other ophthalmologists, and his three 
sons were examined and found to have no 
evidence of any retinal masses. 

Two weeks later the patient returned 
noting decreased vision in the right eye. 
Visual acuity was 20/300 OD. Ophthalmo- 
scopic examination showed no obvious 
change in the lesion. Fluorescein angio- 
gram demonstrated the mass to be 
extremely vascular and supplied by the 
retinal circulation. It leaked profusely 
during the recirculation phase of the 
angiogram, and there was severe cystoid 
macular edema. A sub-Tenon’s injection of 
10 mg of Depo-Medrol was given. 

There was no change in the vision, and 
the exudative detachment increased over 
the next two months; therefore, the lesion 
was treated with eryopexy. The freeze 
would not come through the center of the 
lesion, and therefore, 126 burns of 1000-um 
spot size of argon laser photocoagulation 
were placed on the summit of the lesion. 

Two days after treatment, the patient’s 
vision deteriorated, and he was seen by the 
referring physician and noted to have a 
total exudative detachment. Visual acuity, 
which gradually improved, was 5/200 OD 
one month later. The retina superior to the 
mass was flat, but there was still exudative 
detachment inferior to the mass, which 
appeared smaller and whiter. Six months 
after treatment, visual acuity was 3/200 
OD. The retina was flat, much of the 
exudate had resorbed, and the mass had 
decreased to half its original size and was 
surrounded by extensive pigmentary 
change. Over the next year, visual acuity 
never improved beyond 8/200, and persis- 
tent cystic change was noted in the macula. 
The mass was again treated with cryopexy 
and subsequently the mass completely 
involuted, but visual acuity never im- 
proved beyond 6/200. 

Case 5.—A_ 52-year-old woman was 
referred for a retinal mass with associated 
exudate in her left eye noted on a routine 
examination. Visual acuity was 20/20 OU. 
Anterior segments were normal. Results of 
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T Color Fig 1.—Case 1, left eye. Left, Gonioscopic view of far superotemporal retinal periphery showing elevated white mass 
containing numerous blood vessels with associated hemorrhage and exudate on its surface and surrounding area. Right, 
Complete involution of mass six months after cryopexy. 





Color Fig 2.—Top:-left, Case 2, right eye. Appearance of white mass 

— temporal toumacula at time of presentation. Top right, Case 2, right ey=. 
Appearance of mass 13 months after presentation demonstrating 
significant grawth. Bottem left, Case 2, right eye. Mass is replaced by 
large atropmic scar after three sessions of cryopexy. 


Color Fig 3.—Case 4, right eye. Retinal mass in inferior periphery with 
severe subretinal exudation extending posteriorly. 
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ophthalmoscopic examination were nor- 
mal in the right eye. In the left eye the disc 
and macula were normal, but in the inferi- 
or periphery just posterior to the ora ser- 
rata, there was a pink endophytic 
4.5X4X1-mm mass with a small exuda- 
tive detachment surrounding the mass and 
a rim of exudate at the border of the 
detachment. 

The patient has been followed for three 
years and has maintained visual acuity of 
20/20 OU with no change in the mass or 
the exudative detachment. Family history 
is negative for tumors of the eye, brain, or 
elsewhere. The patient’s two brothers were 
reported to have normal results of fundus 
examinations by their ophthalmologists. 
Her two sons were examined and were 
specifically noted to have no retinal 
masses. She has had no neurologic symp- 
toms or signs. She recently had a head CT 
scan that was normal. An abdominal CT 
scan demonstrated bilateral adrenal 
masses; therefore, the possibility of pheo- 
chromocytoma was investigated with urine 
catecholamines that were normal and a 
radioactive iodide I 131 meta-iodo-benzy] 
guanidine scintigraphic scan (a test that 
labels neuroectodermal tumors) that was 
normal. These tests exclude pheochromo- 
cytoma, but the nature of the adrenal 
masses is still unknown and is presently 
under investigation. 
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COMMENT 


In this report, we have described 
the clinical course of five patients, 
each of whom had a solitary mass of 
the retina. In general, the lesions were 
quite similar in appearance, consist- 
ing of white or pink moderately ele- 
vated masses in the midperiphery or 
far periphery. They appeared to arise 
from the retina, four in an endophytic 
manner and one in an exophytic man- 
ner. Each of the lesions had exudate 
on its surface and surrounding area, 
though there was considerable vari- 
ability in the amount of exudate. 
Those with more extensive exudative 
deposits also had associated exudative 
detachment. Intraretinal hemorrhage 
was seen in association with two 
lesions, and vitreous hemorrhage 
occurred with one. Fluorescein angio- 
graphy and angioscopy demonstrated 
the body of the lesions to consist of 
a dense convoluted group of blood 
vessels fed and drained by the retinal 
circulation. The feeder vessel and 
draining vein were not dilated and 
were only mildly tortuous in contrast 
to von Hippel angiomas. 


Case 2, right eye. Top left, Arterial phase of fluorescein angiogram 
demonstrating feeder vessel and early filling of vascular mass. Top 
right, Early venous phase of fluorescein angiogram showing draining 
vein beginning to fill. Bottom left, Recirculation phase showing full 
extent of vascular mass. 


Thus, the lesions had several basic 
similarities, and they also responded 
in the same way to cryopexy. This 
suggests that they represent a distinct 
entity. The fluorescein angiograms 
and the exudative response suggest a 
prominent vascular component. Slow 
growth was documented in one 
patient. These characteristics are 
similar to those described by Shields 
et al,’ suggesting that the lesions in 
both series represent the same entity. 
Although the nature of the lesions 
cannot be stated with certainty with- 
out histopathologic confirmation, our 
observations support the hypothesis 
that they most likely represent benign 
vascular tumors.’ 

The lesions described herein share 
many features with retinal capillary 
hemangiomas seen in von Hippel-Lin- 
dau disease.**> However, as was the 
case in the series presented by Shields 
et al,’ there are also several differ- 
ences: (1) older age of onset, (2) nega- 
tive family history, (3) absence of 
similar lesions in family members, (4) 
lack of associated systemic problems, 
(5) absence of systemic tumors on CT 
scans, and (6) unilateral, solitary 
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nature of lesions, with feeder vessel 
and draining vein that are not mark- 
edly dilatec and tortuous. The average 
follew-up in our series is three years 
. (shortest, 2% years), and no systemic 
problems or similar processes in fam- 
ily members have become manifest. 

Angiomaiike masses have been 
deseribed in association with retinop- 
athy of prematurity‘ and other prolif- 
erative retinopathies.’ None of the 
patients in this series had a history of 
retinepathy of prematurity, diabetes, 
or sickle eel disease, and none showed 
significant capillary dropout on fluo- 
rescein angiography. We have ob- 
served another patient with a periph- 
eral angiomatous mass supplied by 
the retina. circulation, which we 
believe probably represents a retinal 
hemangioma, but we have specifically 
excluded it from this report because of 
associated retinal capillary dropout. 
None of the lesions in this report 
could possibly represent retinal neo- 
vascularization. 

Peripheral disciform degeneration 
can present as an exudative lesion in 
the periphery. Such lesions, however, 
are almost always associated with 
drusen or ether signs of age-related 
macular degeneration,’ which none of 
the patients in this report demon- 
strated. They occur most commonly in 
patients øver the age of 60 years,° and 
only one of our patients was over 60 
years. Fina ly, a vascular supply from 
the retina! circulation, as occurred in 
the lesions in this report, has never 
(to our knowledge) been demonstrated 
to oecur in peripheral disciform 
lesions. 

Ceats’ disease is a term commonly 
applied to exudative lesions of the 
retina often assocrated with retinal 
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vascular abnormalities.’ It is not clear 
whether it represents a single entity 
or several entities with a common 
manifestation. Henkind and Morgan‘ 
described small peripheral angioma- 
tous lesions in four eyes with chronic 
exudative detachments enucleated for 
severe glaucoma or a question of 
malignant melanoma. Only one of the 
lesions had been noted clinically, and 
that only after the exudative detach- 
ment had been present for three 
years. Histopathologically, the lesions 
contained numerous thick- and thin- 
walled vessels and were interpreted 
by the authors to represent vascular 
malformations, probably present 
from birth. Chronicity and the lack of 
clinical correlation make the findings 
difficult to interpret, but several fea- 
tures suggest that the lesions 
described by Henkind and Morgan are 
different from those described in this 
report. The former were very small 
(not detected om gross examination in 
three patients) despite the advanced 
nature of the exudative detachments, 
and all were located in the far periph- 
ery. The lesions described in this 
report were quite large, and were eas- 
ily identified as the source of exuda- 
tive changes in all patients. Three of 
the lesions were located at or posteri- 
or to the equator. Three of the lesions 
occurred in retinas noted to be normal 
on numerous previous examinations, 
and definite growth of one lesion was 
documented. Thus, there are lesions 
with significant differences from 
those reported herein that are associ- 
ated with exudative changes and 
referred to as Coats’ lesions.’ It would 
seem wiser to emphasize the charac- 
teristics that distinguish the lesions 
reported herein from other vascular 
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lesions, rather than lumping them 
together under the term Coats’ 
lesions, simply because they share the 
ability to cause exudation. 

Significant visual loss occurred in 
four of our five patients. This is a 
higher percentage than that found by 
Shields et al,! but probably is a matter 
of chance due to the small numbers 
involved. Cryopexy was successful in 
causing involution of all of the treated 
lesions, though in one instance three 
sessions of treatment were required. 
The increased exudative response that 
occurred after combined cryotherapy 
and photocoagulation treatment in 
patient 4 is similar to what has been 
described after treatment of some von 
Hippel angiomas and referred to as 
ablatio fugax.”® Based on that case, it 
is our impression that the amount of 
treatment given in any one session 
should be limited as much as possible. 
It is for this reason that the large 
lesion in patient 2 was originally 
treated with a single freeze-thaw 
treatment, recognizing that addition- 
al treatment sessions would probably 
be needed. However, we agree that 
judicious cryopexy is an effective 
treatment for lesions that cause or 
threaten significant visual loss.! 

In conclusion, this report provides 
clinical evidence that supports the 
existence of acquired nonfamilial 
angiomatous masses of the retina. 
Though histopathologic confirmation 
is not yet available, it is important to 
recognize lesions that fulfill the crite- 
ria of this diagnesis, so that addition- 
al natural history data can be accu- 
mulated; also, cryopexy seems to be an 
effective treatment for those lesions 
that cause significant visual loss. 
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Use of Linked DNA Probes for Carrier Detection and 


Diagnosis of X-linked Juvenile Retinoschisis 


Niklas Dahl, MD, Ulf Pettersson, MD, PhD 


è Diagnosis of X-linked juvenile reti- 
noschisis (RS) was made in two nonre- 
lated Swedish individuals with restriction 
fragment length polymorphisms, using 
probes that flank the RS locus. The X 
chromosome of a 1-year-old male infant, 
at risk, displayed the same haplotype as 
an affected brother for restriction frag- 
ment length polymorphisms, representing 
five linked markers, which extended 
between the DXS164 and the DXS85 loci 
and encompassed the RS locus. The diag- 
nosis was confirmed by a clinical exami- 
nation and an electroretinogram. The X 
chromosomes of a pregnant woman, an 
offspring of a carrier female, showed a 
different haplotype to that of her affected 
brother, at three linked loci that flanked 
the RS gene. She was excluded as a 
carrier with a high probability; hence, the 
fetus was unlikely to inherit an abnormal 
gene for this X-linked trait. In informed 
families a DNA-based diagnosis can serve 
as a valuable complement to an electro- 
retinogram and a clinical examination in 
the diagnosis of RS, since these carrier 
females cannot currently be identified by 
other means. 

(Arch Ophthalmol 
1416) 


A -inked juvenile retinoschisis (RS) 

is a recessively inherited disorder 
with a variable clinical picture. Main 
features include a visual acuity of 
20/200-20/35 (0.1-0.6) that decreases 
with age. Mild cases exclusively show 
lesions around the macula and periph- 
eral RS. More severe cases show, in 
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addition to changes of the fovea, semi- 
translucent vitreous veils mainly in 
the temporal lower quadrant of the 
retina. The visual handicap is usually 
mild to moderately severe until 
between 40 and 50 years of age; there- 
after, the disease may lead to marked 
retinal degeneration and blindness. 
Female carriers are symptomless and 
currently cannot be clinically identi- 
fied." 

The use of restriction fragment 
length polymorphisms (RFLPs) as 
genetic markers has made it possible 
to construct a crude genetic map of 
the human genome.** Linkage analy- 
sis is presently the most powerful tool 
to map disease genes of unknown bio- 
chemical function, and several oph- 
thalmologic diseases have already 
been subjected to genetic mapping, 
including X-linked retinitis pigmen- 
tosa, X-linked choroideremia, heredi- 
tary retinoblastoma, and X-linked 
juvenile RS.”'* Linkage has been dem- 
onstrated between polymorphic mark- 
ers on the short arm of the X chromo- 
some in the Xp22 region and the RS 
locus.'*'* Based on linkage data, the 
RS gene appears to lie close to and 
possibly in between the DNA probes 
99.6 and D2, which identify the loci 
DXS41 and DXS43, respectively (Fig 
1). Closely linked flanking markers 
could be of potential importance in 
the diagnosis of carriers of the RS 
gene and could be used as a comple- 
ment to an electroretinogram (ERG) 
and a clinical examination in the early 
diagnosis of the disease. In this com- 
munication, we report the diagnosis of 
the carrier status in a pregnant wom- 
an and the early diagnosis of the 
disease in a male infant who was at 
risk, using several linked DNA mark- 


ers that flanked the RS locus. The 
diagnosis was confirmed in the male 
infant by means of an ERG and a 
clinical examination. 

MATERIALS AND METHODS 


This study included two families with 
X-linked RS. The families belonged to two 
large unrelated kindreds, each encompass- 
ing several cases of RS. Each male, at risk, 
in the families had undergone a complete 
ocular examination, including an ERG and 
dark adaptation. The conditions of affected 
individuals were diagnosed according to 
typical findings in the eye fundi, such as 
peripheral RS and cystoid edema, pigmen- 
tary changes, and radial reflexes around 
the macula. An ERG with a subnormal b 
wave was used as a diagnostic criterion. In 
addition, delayed dark adaptation and a 
low visual acuity supported the diagnosis. 
Carrier females were identified by genetic 
criteria and pedigree analysis. Peripheral 
venous blood was collected from seven 
individuals in each of the two kindreds, 
and leukocyte DNA was isolated by the 
method of Kunkel et al.'° Eight micro- 
grams of each DNA sample was digested 
with the appropriate restriction enzyme 
(IBI, New Haven, Conn), and fragments 
were separated by 0.8% agarose gel elec- 
trophoresis and transferred to nylon fil- 
ters (Biodyne, Glen Cove, NY). Filters were 
dried, baked, and hybridized overnight at 
65°C in the presence of the respective DNA 
probe that was labeled with *P-dCTP by 
nick translation.” Filters were placed next 
to an intensifier screen and exposed to 
x-ray film for three days. The restriction 
enzymes and DNA probes"? that were used 
are given in Table 1. For risk calculations, 
it was assumed that the distances between 
the markers that were used were 10 centi- 
morgans (cM) between C7 and 99.6, 14 cM 
between 99.6 and D2, and 19 cM between 
D2 and 782." Coincidence correction was 
made according to Kosambi” by using 
the function D= 25 x logJ(100 + 2r)/ 
(100 — 2r)], where D is the map distance in 
centimorgans and r is the recombination 
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Fig 1.—Enlaged map of Xp21-22 region of X chromosome showing relative position of 
retinoschisis RS) locus and selected DNA marker loci (modified from Dahl et al'®). Distances 
between markers are given in text. Relative position of XUT23 is not ascertained with respect to 
D2 and is not indicated. 


Table 1.—Marker Loci Defined by Cloned X Chromosomal DNA Probes Used* 


Fragment 
Size, kbt 


Enzymes for 


Source, y Probe Locus Localization RFLPtT 


Hofker et ak@° 
1985 


Bakker et a 24 
1985 


7B2 DXS85 Xp22.2-22.3 EcoRI 14.0/7.0 


17.5/12.5 
8.0/7.5 


DXS16 
DXS28 


Xp22 
Xp21.3 


Bgl ill 
EcoRV 


Aldridge et 2,25 


1984 Pvull 


Pstl 


6.0/6.6 
22.0/ 13.0 


DXS43 
DSX41 


Xp22.1-22.2 
99.6 Xp22.1-22.2 
Kunkel et ai26 
1985 
* The probie= are in supposed linear order on the short arm of the X chromosome from the end toward the 
centromere. '® 
+RFLP indicaves restriction fragment length polymorphism; kb, kilobase. 


pERT87.15 DXS 164 Xp21 Taq| 3.1/3.3 


6.5 kb = <i 


6.okb =m > GD agi 





Fig 2.—Seerezation of restriction fragment length polymorphism alleles identified by DNA probe 
D2 in two families described. Autoradiographic pattern from Southem blot analysis shows that 
disease is migrating with 6.0-kilobase (kb) allele in family A, whereas in family B, disease is 
micratimo with 6.6-kb allele. 


flanking DNA probes; hence, it was not 
used for risk calculations. 
RESULTS 
Diagnosis of RS in a 
1-Year-Old Male Infant 


The mother of this infant was 
defined as a carrier by pedigree anal- 


percentage. The calculation was made for 
each of the tanking markers, leading to 
the msk inerval. The RS gene was 
assumed to be located 5 cM on either side 
of the probe D2.'* The relative positions of 
probes are giwen in Fig 1. The probe XUT23 
is loealized im between D2 and 782, but the 
distance is net ascertained with regard to 
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ysis and because she had an affected 
son (Fig 2, family A). The analysis 
showed that the mother was heterozy- 
gous for five of 11 tested RFLPs in the 
region Xp21-Xp22. The results ob- 
tained with these five markers are 
shown in Table 2. Identical haplotypes 
were observed for both the male 
infant with his undiagnosed condition 
and his affected brother by using the 
markers pERTS87.15, 99.6, D2, XUT23, 
and 782. The condition of the 1-year- 
old son (II:2, Fig 2) could thus be 
diagnosed as affected with a high 
probability (99.3% to 99.6% ) by using 
the probes 99.6, D2, and 782 for risk 
calculations. The diagnosis was con- 
firmed by an ERG that showed a 
subnormal b wave. Investigation of 
the eye fundi showed peripheral RS 
and typical macular changes. 


Diagnosis ef Carrier Status 
in a Pregnant Woman 


This woman was 14 weeks pregnant 
at the time of diagnesis. To determine 
whether she hac inherited her moth- 
er’s affected X chromosome, she was 
analyzed together with her affected 
brother, her fataer, and her mother, 
who was knowr to be a carrier by 
pedigree analysis (Fig 2, family B). 
The results shewed that she had 
inherited X-linked markers (C7, D2, 
and 782) in the region Xp21-22, which 
differed from those of her affected 
brother. Using the Kosambi” function 
for these three probes, it was deter- 
mined that she was not a carrier with 
a probability of 99.1% to 99.3%. 


COMMENT 


The RS gene has been shown previ- 
ously to be linked to the Xg blood 
group.” The disease locus has recently 
been localized at Xp22.'*!> At least 15 
polymorphic DNA probes are avail- 
able in this region that can be used for 
determination o° carrier status, for 
early diagnosis af males at risk, and, 
possibly, for prenatal diagnosis.'* Two 
of these probes, 99.6 and D2, are tight- 
ly linked to the RS locus and may 
flank it (Fig 1).! We used several of 
the above-mentiened probes to-estab- 
lish the likely genotype of a 1-year-old 
male infant who was known to have a 
carrier mother and the carrier diag- 
nosis of a pregnant woman who was 
the daughter of acanrier female. Both 
cases were referred to us for genetic 
counseling. At tae age of 3 months, 
the l-year-old male infant had been 
investigated by an ophthalmologist. 
The investigation, exclusively of the 
eye fundi, could not provide a definite 
diagnosis since anesthesia was not 
used. No ERG was performed at that 
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Table 2.—RFLP Alleles of Families Investigated* 


Allele Size, kb 


.——————— err 


Family A 


14.0/7.0 14.0 14.0 


6.6/6.0 6.0 6.0 


3.1/3.3 


* RFLP indicates refraction fragment length polymorphism; kb, kilobase. For numbers of individuals, see Fig 2. 


pERT87. 15 


time. The RFLP results, using five 
DNA probes that encompassed the RS 
locus, showed that he had a haplotype 
identical to that of his older affected 
brother. A possible diagnostic compli- 
cation might have been the occurrence 
of double cross-over events between 
the RS locus and the markers. Howev- 
er, since it was assumed that the 
distance between the RS locus and the 
marker D2 was not more than 5 cM 
and since D2 could be located on 
either side of the RS gene, a risk 
interval was calculated to range from 
0.4% to 0.7%. In the second case, a 
pregnant woman, belonging to a fami- 
ly that was affected by RS, was anx- 
ious to learn the risk of having an 
affected child. By using three DNA 
markers, linked to and flanking the 
RS locus, it could be shown that she 
had inherited a different haplotype 
from her affected brother; thus, she 
ran a negligible risk of having an 
affected fetus. The risk interval of a 
double cross-over event was calcu- 
lated similarly to range from 0.7% to 
0.9%. 

The RFLP analysis, using flanking 
markers, is an important complement 
in the detection of RS carriers. No 
other method, except for pedigree 
analysis, is presently available for the 
detection of carrier females. The DNA 
markers could also be used as a tool 
for early diagnosis in uncertain cases. 
To assess how reliable available DNA 
markers are for clinical use, it is 
desirable to know the recombination 
frequencies and linear order of the 
markers and their positions relative 
to the RS locus. Until a more detailed 
map of the X chromosome at Xp21-22 
exists, it is necessary to regard genet- 
ic linkage information as strongly 
supportive for or against a carrier 
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Family B 


li:1 


14.0/7.0 14.0 14.0 14.0/7.0 


6.6/6.0 6.0/6.0 





status; the risk for a single- or double- 
recombination event during meioses 
should be considered, and risk calcula- 
tions should only be based on well- 
defined genetic distances. Compara- 
tive caution is wise in advising those 
female relatives whose haplotype pre- 
dicts that they have received the unaf- 
fected allele. When an obligate or 
presumptive carrier female is preg- 
nant and the fetus is known to be a 
male, genetic linkage allews predic- 
tion as to whether the fetus has or has 
not inherited RS. 
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X-linked Congenital Stationary Night Blindness 


Review and Report of a Family With Hyperopia 


George Khow-i, MD; Marilyn B. Mets, MD; Vivianne C. Smith, PhD; Marianne Wendell, CO: Arlene S. Pass 


è X-linked congenital stationary night 
blindness is almost always associated 
with myopia. We have reviewed all previ- 
ously reported pedigrees and have found 
only two wit patients without myopia. A 
recently proposed classification of night 
blindness inc udes a complete type asso- 
ciated with myopia and an incomplete 
type in whic both hyperopia and myopia 
were found. Complete and incomplete 
types did mof occur within the same pedi- 
gree. We repert on a family in which three 
of the five affected members had hyper- 
opia and ceu be classified as the incom- 
plete type ard in which a fourth member 
with myopia was more consistent with the 
complete type. The lack of myopia in 
three members of our pedigree can be 
explained Dy two hypotheses: crossing 
over of the sight blindness and myopic 
genes on the X-chromosome, or an auto- 
somal domirant hyperopic gene that 
masks the myopic gene. The data from 
our family support the first of these two 


hypotheses. 

(Arch Ophthalmol! 1988;106:1417- 
1422) 

ongenita stationary night blind- 


mess wih normal fundi was first 
described in 1838 by Cunier,’ who 
studied a family with autosomal dom- 
inant inheritance. Subsequently, X- 
linked recessive and autosomal reces- 
sive forms of the disease were re- 
ported.** T= X-linked form is almost 
invariably associated with myopia 


Accepted formpublication April 5, 1988. 

Fram the De»artment of Ophthalmology and 
Visual Science, The University of Chicago. 

Reprint requests to The University of Chicago 
Eye Research laboratories, 939 E 57th St, Chica- 
go, IL 60637 (T> Mets). 


Arch Ophthalanol— Vol 106, Oct 1988 


and decreased visual acuity’ (Table 1). 
The purpose of this article is to review 
this association and to describe a fam- 
ily with X-linked congenital station- 
ary night blindness that did not man- 
ifest this association. Instead, several 
members were hyperopic rather than 
myopic. Miyake et al have recently 
reported a new classification for con- 
genital stationary night blindness. 
Our family is most consistent with 
this incomplete type. 


PATIENTS AND METHODS 


All family members studied underwent a 
complete ophthalmologic examination 
with cycloplegic refraction. In addition, 
electroretinography (including photopic, 
30-Hz flicker, and scotopic intensity 
series), with both Grass stimulation and 
Nicolet ganzfeld stimulation, dark adapta- 
tion, color vision testing (including Ishiha- 
ra pseudoisochromatic plates, standard 
pseudoisochromatic plates [parts 1 and 2], 
Neitz Anomalosceope, Moreland Anomalo- 
scope, Lanthony New Color Test, Farns- 
worth-Munsell 100-hue test), axial length 
measurements using A-scan ultrasonogra- 
phy, and keratometry were performed on 
the affected members.’ Follow-up ophthal- 
mologic examinations, including electro- 
retinography (ERG) and dark adaptation, 
also were performed to document the sta- 
tionary nature of the disease. 


Family Report 


The pedigree consisted of four genera- 
tions with five affected members (Fig 1). 
The mode of inheritance was clearly X- 
linked recessive because all affected mem- 
bers were male and their common ances- 
tors were female with no transmission of 
the trait from father to son. 

Case IV-15 (Propositus).—This patient 
was brought to The University of Chicago 
Eye Clinic in 1968, at 1 year of age, because 
of nystagmus since infancy. Motility exam- 
ination findings were normal, except for a 


coarse, pendular nystagmus in both eyes. 
Anterior segment examination was unre- 
markable with no iris transillumination. 
Ophthalmoscopy disclosed slight temporal 
disc pallor with a decrease in the foveal 
light reflex in botheyes, but findings were 
otherwise normal @ig 2). The ERG using 
the Grass stimulator showed a Schubert- 
Bornschein type of response consisting of a 
subnormal photopic response with a nor- 
mal scotopic A-weve but no scotopic B- 
wave (Fig 3).* The high-intensity scotopic 
ERG showed oscillatory potentials. 

When the patient returned in 1973, he 
was complaining of decreased vision and 
night blindness. Best corrected visual acu- 
ity was 20/70 OU. Cycloplegic retinoscopy 
showed a +4.00 sphere OD and a +4.25 
sphere OS. Dark adaptation study showed 
a normal cone component, but the rod 
component was elevated and delayed (Fig 
4). The rest of the examination findings, 
including the ERG, were unchanged. In 
1984, color vision testing yielded normal 
findings. Axial length measurements were 
21.98 mm OD and 22.10 mm OS. Keratome- 
try readings were 42.62 at 180° and 43.12 at 
90° OU. The rest of the examination find- 
ings, including the ERG and dark adapta- 
tion study, were unchanged. In 1987, 
the patient returmed for repeated ERG 
that included 30-Hz flicker and scotopic 
intensity series. This time the Nicolet 
ganzfeld stimulater was employed. The 
scotopic ERG was consistent with incom- 
plete type of Miyake et al,° showing a de- 
creased but presen’ B-wave (Fig 5 and Ta- 
ble 2). 

Case IV-18.—This patient, five years 
younger than his brother, patient IV-15, 
presented in 1974 at age 2 years with a 
coarse, pendular mystagmus. He had 20 
prism diopters of esotropia. The rest of the 
examination, including the ERG, was simi- 
lar to that of his brother, except for the 
slight generalized disc pallor. Follow-up 
examination in 1984 showed no change. 
Best corrected visual acuity was 20/100 
OU. Cycloplegic netinoscopy was +1.75 
+0.50 X 80 OD and +2.75 +0.50 X 80 OS. 
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Table 1.—Maijor Pedigrees of X-linked Congenital Stationary Night Blindness 


Range of Refractive Range of Visual Acuity 
Source, y Family * Error in Affected Members in Affected Members 


Pagenstecher,'' 1878 5 (8) 1 myope (3 to 4 diopters [D]), 7 not refracted 20/30-20/50 
Pfliiger, '* 1881 8 (17) 1 myope (6 D), 16 myopes (? D) 20/60 
Morton, '? 1893 6 (15) 2 myopes (? D), 13 not refracted Not reported 


Cutler, '* 1895 4 (6) 2 myopes (2 to 9 D), 1 possible hyperope 20/ 40-20/ 300 
(? D), 3 not refracted 


Amman, '® 1898 6 (11) 1 myope (9 D), 10 myopes (? D) Not reported 
Nettleship, '® 1912 7 (21) 21 myopes (2 to 12 D) Not reported 
Newman, 17 1913 5 (18) 9 myopes (? D), 6 not myopic, 3 uncertain Not reported 


Kleiner, '® 1923 7 (16) 6 myopes (1.5 to 13 D) 20/20-20/ 120 
Varelmann,'? 1925 6 (4) 1 myope (13 to 17 D), 3 myopes (? D) 20/ 150-20/ 200 


Riddell,2° 1940 5 (8) 8 myopes (0.5 to 10 D) 20/30-20/ 200 


François and DeRouck,?' 1965 2 families: 4 (10), 3 (6) 5 myopes (6 to 12 D), 11 not refracted 20/30-20/200, 
20/70-20/ 100 


Merin et al,2* 1970 25 familiest: 2 to 5 (57) 32 myopes (4 to 14 D), 25 not refracted 20/20-20/300 
Syversen,?3 1974 6 (8) 6 myopes (6 to 16 D), 2 not refracted <20/25 in best eye 


Hill et al,24 1974 2 families: 5 (12), 3 (2) 6 myopes (4.75 to 10.5 D), 8 not refracted 20/40-counting fingers at 3 ft, 
20/60-20/200 


Volker-Dieben and Went,2° 1975 6 (23) 23 myopes (1 to 20 D) 20/30-20/200 
Hittner et al,2® 1981 5 (6) 3 myopes (4 to 14.25 D), 3 not refracted 20/30-20/ 300 


Diane Sharp, FRACS, written 2 families: 6 (4), 9 (2) 4 myopes (4.5 to 12 D), 2 myopes (14 to 20/30-20/ 120, 
communication, 1985 15.25 D) 20/40-20/ 200 





*Values reflect number of generations in pedigree(s) (number of affected members). 
tHeredity was X-linked in 12 families, autosomal recessive in two families, and undetermined in the remaining 11 families. 


I(t) 2(t) 


we = Affected Male M = Myopia 

X = Examined H = Hyperopia 

(t) = Deceased A = Astigmatism 
P = Plano 





Fig 1.—Pedigree of family with X-linked congenital stationary night blindness. 


Fig 2.—Left fundus of proband (patient IV- 15) 
is normal except for temporal pallor. 
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Fig 3.—Electroretinogram of proband (patient IV-15) showing subnormal photopic response. Low-intensity scotopic 
response shews absent B-wave. High-intensity scotopic response shows normal A-wave and subnormal B-wave. Oscillatory 
potentiais are present in this record, which is consistent with incomplete type. 
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Fig 4.—Dark adaptation findings of proband (patient IV-15) showing normal cone component. Rod component is elevated 


and delayed (dots). Solid lines indicate normal range. 


Fig 5.—Electroretinogram (ERG) of proband 
(patient IV-15) and patient IV-2. Top, Low- 
intensity scotopic ERG done on Nicolet ganz- 
feld with 2.0 neutral-density filter. Top record- 
ing is patient IV-15; bottom recording, patient 
IV-2. Note higher-amplitude B-wave above and 
oscillatory potentials consistent with Miyake’s 
incomplete type. Bottom, High-intensity scoto- 
pic ERG done on Nicolet ganzfeld with highest 
intensity available. Top recording is patient 
IV-15; bottom recording, patient IV-2. Note 
oscillatory potentials and higher-amplitude B- 
wave consistent with Miyake’s incomplete 
type above. Top recording in both parts is 
patient IV-15 and is consistent with Miyake’s 
incomplete type, and bottom recording is 
patient IV-2 and is consistent with Miyake’s 
complete type. 


Dark adaptation and color vision testing 
was similar to that of his brother. Axial 
lengths were 21.30 mm OD and 21.20 mm 
OS. Keratometry readings were 44.25 at 
180° and 44.25 at 90° OD and 44.12 at 
180° and 45.00 at 90° OS. In 1987, the pa- 
tient returned for a repeated ERG and 
like patient IV-15, the results were consis- 





1420 


Arch Ophthalmol—Vol 106, Oct 1988 


tent with Miyake’s incomplete type (Ta- 
ble 2). 

Case IV-2.—This patient was first exam- 
ined at 3 years of age, in 1973, when he 
presented with a coarse, pendular nystag- 
mus. He also had 60 diopters of esotropia. 
Anterior segment and fundus examina- 
tions were unremarkable. The ERG was 
similar to that of his affected relatives. 
Follow-up examination findings in 1985 
were unchanged. Best corrected visual acu- 
ity was 20/200 OU. Cycloplegic retinoscopy 
showed —7.25 +1.50 X 150 OD and —5.50 
+0.75 X 135 OS. Dark adaptation findings 
were similar to those of his affected rela- 
tives. 

Color vision was not tested. Axial 
lengths were 24.15 mm OD and 24.10 mm 
OS. Keratometry readings were 44.75 at 
180° and 44.37 at 90° OD and 44.50 at 180 
and 45.25 at 90° OS. In 1987, the patient 
returned for repeated ERG, but there was 
no B-wave, and the results were consistent 
with Miyake’s complete type (Fig 5 and 
Table 2). 

Case III-7.—This 33-year-old patient 
presented in 1985 with nystagmus since 
infancy, mild decrease in visual acuity, and 
night blindness. He had a fine pendular 
nystagmus but no strabismus. Anterior 
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+1.75 +6.50 X 90 

oO (1) 

Cone and rod 
present 


-1.25 
+1.50 X 150 
-5.50 
+0.75 X 135 
(C) (I) 
-7 +275 
+4.50 
(I) 


present 


Cone and rod 
present 





Table 2.—Our Patients and the Miyake et al® Classification * 


Patient Refraction Photopic 30-Hz Flicker Low Scotopic High Scotopic 
IV-15 +4 90 sphere —4 and rod 50 uV 60 uV B-wave present Norma! A-wave, = ater 
+4 25 sphere present B/A = 085 
LOJ (1) (1) (1) (I) (1) (I) 
W-i8 +1.75 +0.50 X 80 Cone and rod 40 uV 40 uV B-wave present Norma! A-wave, Present 


(I) (1) (I) 


No B-wave 





50 uV 20 uV 


B-wave present 


(I) 












B/A = 0367 
(1) (1) 
Normal A-wave, 

B/A = 039 









(C) 
Normal A-wave, 
B/A = 0.60 
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“DA indicates darkeadaptation; OP, oscillatory potential; B/A, amplitude B-wave / amplitude A-wave; (I), consistent with Miyake’s incomplete type; (C), consistent with 
Miyake's incemplete ‘ype. 


segment and fumeus examinations were 
unremarkable. Electroretinography, dark 
adaptation testing. and color vision testing 
gave results:similar to those of his affected 
relatives. Best corrected visual acuity was 
20/40 OU. Cyclopiegic retinoscopy showed 
+3.75 sphere OD and +4.00 sphere OS. 
Axial lengths were 18.50 mm OD and 19.00 
mm OS. Keratometry readings were 44.12 
at 33 and 44.87 at 123 OD and 44.12 at 33 
and 44.12 at 123 OS. In 1987, the patient 
returned for repeated ERG; like patients 
IV-15 and PV-18, «he results were consis- 
tent with Miyakes incomplete type (Fig 
5). 

Case IfI-5.—This patient died in a motor 
vehicle aceident im 1962 at age 20 years, 
before the propesitus sought medical 
attention. He wasmeported by family mem- 
bers to have been night blind with poor 
vision and nystagmus since birth. 

There were no sygnificant findings in the 
15 nomaffected members examined. Their 
refractive errors are indicated in Fig 1. 

COMMENT 


Patients with congenital stationary 
night blindnessind normal fundi may 
present with amy combination of the 
following mani‘estations: decreased 
visual acuity, mystagmus, and night 
blindness. Infarts present with nys- 
tagmus observed by the parents, and 
children present with decreased 
visual acuity. Strabismus is an associ- 
ated finding, particularly esotropia. 
The fovea! light reflex may be absent, 
but the fundus is otherwise normal, 
except for changes accounted for by 
myopia, which & associated with the 
X-linked form and occasionally with 
the autosomal recessive form. 

The diagnosis of congenital station- 
ary night blindmess is confirmed by 
psychophysical testing. Electroreti- 
negraphy shows a slightly subnormal 
photepic respemse and a markedly 
abnormal scotepic response in one of 
two different patterns. The Schubert- 
Bornschein response has an absent 
B-wave resulting in a negative ERG, 
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and the Riggs pattern is characterized 
by a subnormal B-wave, which still 
exceeds the amplitude of the A-wave 
resulting in a positive ERG.’'® Dark 
adaptation testing may show a 
monophasic curve because of complete 
loss of rod function, or a biphasic 
curve because of partial loss of rod 
function resulting in a delay and ele- 
vation of the rod component. Because 
cone function usually is mildly af- 
fected, there may be a delay and ele- 
vation of the cone component as 
well. 

Miyake and colleagues‘ have recent- 
ly reported a new classification for 
congenital stationary night blindness. 
They described two types, a complete 
type and an incomplete type. These 
types differ with regard to dark adap- 
tation, ERG (photopic, 30-Hz flicker, 
presence of B-wave in low-intensity 
scotopic, and ratio of B-wave to A- 
wave amplitudes in high-intensity 
scotopic), and refractive error. Three 
of our affected members are most 
consistent with this incomplete type. 
One of our affeeted members is equiv- 
ocal and has some characteristics of 
the incomplete type and some charac- 
teristics of the complete type (Table 2 
and Fig 5). Miyake and colleagues 
emphasized, in particular, dark adap- 
tation (primarily rod function), re- 
fraction, photopic function, and oscil- 
latory potentials to distinguish the 
two types. Of these, refraction and 
oscillatory potentials would place our 
patient in the complete group and 
photopic function would place our 
patient in the incomplete group. Our 
family may be an exception to the 
report of Miyake and colleagues, 
because the latter had no pedigree 
that showed an incomplete and a com- 
plete type in one family. It should be 
noted that there is overlap on many of 
the tests in the two groups in the 
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study by Miyake and colleagues. 
Table 1 shows the findings of the 
major pedigrees with X-linked con- 
genital stationary night blindness 
cited in the literature (Diane Sharp, 
FRACS, written communication, 
1985).!'?7 The table indicates the 
refractive errors and the visual acui- 
ties from 17 published reports. We 
excluded Donders” because although 
most investigators elaim that he was 


the first to describe a family with 


X-linked congenital stationary night 
blindness, 
affected father with three affected 
sons, a finding not consistent with 
X-linked inheritance. We also ex- 
cluded the article by Miyake and col- 
leagues‘ because although they found 
some hyperopic refractive errors in 
his incomplete type, they were not 
addressing this issue in particular, so 
the refractive error for each pedigree 
is not reported. 

The association between myopia 
and night blindness is well demon- 
strated in Table 1. This is consistent 
with close linkage of the genes coding 
for these two traits on the X-chromo- 
some.’ The myapic gene is probably 
dominant with variable penetrance, 
whereas the night blindness gene is 
recessive. Myopia may manifest in 
female carriers, whereas both myopia 
and night blindness manifest in 
affected male patients. Nettleship'* 
described one female patient who 
appeared to have mild night blind- 
ness. A phenotypic expression of the 
night blindness gene in a female carri- 
er is consistent with the Lyon hypoth- 
esis, though this is not commonly 
seen. Notable exceptions to the associ- 
ation between myopia and night 
blindness in Table 1 include the pedi- 
grees described by Cutler" and New- 
man.” Cutler described one of the 
affected members in his family as 
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being emmetropic in one eye and 
mildly hyperopic in the other eye, as 
determined by skiascopy. The magni- 
tude of the hyperopia was not re- 
ported. Six of Newman’s’’ patients 
were described as “not myopic” with 
no quantitative refractive error given, 
and no information was provided for 
three other patients (Table 1). Daven- 
port,* on reviewing Newman’s pedi- 
gree, ascribed the dissociation be- 
tween the myopia and the night blind- 
ness to crossing over between their 
respective genes on the X-chromo- 
some. 

Table 1 also shows that X-linked 
congenital stationary night blindness 
is associated with decreased visual 
acuity. In Newman’s”’ pedigree, some 
affected members were described to 
be night blind without other associ- 
ated defects; however, acuities were 
not given. Kleiner”? described one af- 
fected member with a visual acuity of 
20/20, but he stated that his examina- 
tion was approximate. Merin et al” 
also described one patient with a 
visual acuity of 20/20 in one eye. Since 
patients from autosomal recessive 
and X-linked pedigrees were grouped 
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together in the report by Merin et al, 
one cannot be certain about the inher- 
itance of these patients. Therefore, 
there still is no clear example of a 
patient with X-linked congenital sta- 
tionary night blindness and 20/20 
visual acuity. 

The clinical characteristics of our 
family are consistent with the diagno- 
sis for X-linked congenital stationary 
night blindness. The finding of hyper- 
opia in three of the affected members 
(patients III-7, IV-15, and IV-18), 
ranging from +1.75 to +4.25 D is 
unusual. This hyperopia appears to be 
axial because A-scan ultrasonography 
measurements range from 18.50 to 
22.10 mm, and the keratometry read- 
ings are all within normal limits. 

The fourth affected member (pa- 
tient IV-2) is myopic and has a normal 
axial length. The lack of myopia in the 
other three can be accounted for by 
crossing over of the night blindness 
and myopic genes on the X-chromo- 
some or by masking of the myopic 
gene by an autosomal dominant 
hyperopic gene transmitted by one of 
the parents. The latter theory could 
apply to patient III-7 because his 
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father is hyperopic, but not to 
patients IV-15 or IV-18 because both 
of their parents are myopic. 

We present the clinical features of 
congenital stationary night blindness t 
and review the relationship between 
the X-linked form of the disease and 
myopia and visual acuity. We describe 
a family with X-linked congenital sta- 
tionary night blindness and hyperopia 
and discuss the genetic implications 
of this unusual association. In our 
family, the most likely explanation 
for this unusual association is cross- 
ing over of the myopic gene and the 
congenital stationary night blindness 
gene on the X-chromosome. Three of 
our affected patients are most consis- 
tent with the incomplete type 
described by Miyake and colleagues,’ 
and a fourth is most consistent with 
their complete type. The finding of 
both types in the same family is an 
exception to the observations of 
Miyake and colleagues and makes it 
unlikely that the two types are differ- 
ent clinical entities. 
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Immunoglobulin Deposition in the Cornea After 


Applieation of Autologous Serum 


Peter J. McDonnell, MD; David J. Schanzlin, MD; Narsing A. Rao, MD 


è A 47-year-old man with a history of 
multiple corneal allografts for recurrent 
herpes simplex keratitis developed a sub- 
total nonhealiag corneal epithelial defect. 
The patient.w as treated with hourly drops 
of autologous serum. A ringlike infiltrate 
was subsequently observed, followed by 
reepithelialization of the graft. The pa- 
tient later suffered allograft rejection of 
the cornea and recurrence of the epitheli- 
al defect, and a repeated penetrating 
keratoplastywas performed. Examination 
of the excised button demonstrated a 
total epithelial defect, changes compati- 
ble with allograft rejection, and, in addi- 
tion, eosinophilic granular deposits within 
the superficiai corneal stroma that corre- 
sponded to the “immune ring” observed 
Clinically. immunoperoxidase staining 
was positive for IgG, IgM, IgA, and x and À 
light chains. These pathologic changes 
lend credence to the hypothesis that the 
precorneal tear film may be a source of 
immunoglobulin that becomes deposited 
within the strema. 

(Arch Ophthaimoi 
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[mmunopsctein deposition within 

the corneal stroma is recognized as 
a relatively rare manifestation of 
hypergammaglobulinema.' Typical- 
ly these deposits of immunoprotein 
have a crystalline appearance and 
may form at the level of the epitheli- 
um,* anterier stroma,’ or posterior 
stroma,** or at all levels of the cor- 
nea.'**3 Wour reports**!3!5 have 
examined such corneal deposits and 
identified them immunohistologically 
and electron microscopically as im- 
munoprotein. 

Superficial stromal immunoglobu- 





Accepted for publication July 8, 1988. 

From the Doheny Eye Institute and the Uni- 
versity of Seutnern California School of Medi- 
cine, Los Angeles (Drs MeDennell and Rao); and 
the Bethesda Eye Institute, St Louis University 
(Dr Schanziim). 

Reprint requests to Doheny Eye Institute, 1355 
San Pablo St, Løs Angeles, CA 90033 (Dr McDon- 
nell). 


Arch Ophthalmol—Vol 106, Oct 1988 


lin deposition oceurred in our patient, 
who did not have a dysproteinemia 
but who was treated with autologous 
serum drops to promote resolution of 
a nonhealing epithelial defect. This 
lends support to the hypothesis that, 
in at least some instances, the source 
of the immunoprotein may be the 
preocular tear film. 


REPORT OF A CASE 


A 47-year-old man was evaluated for 
corneal allograft rejection of the left eye, 
his only seeing eye. The patient’s medical 
history included hypertension and chronic 
obstructive pulmonary disease. His thera- 
peutic regimen included prednisolone (5 
mg/d), theophylline (300 mg twice daily), 
and hydrochlorothiazide (200 mg twice dai- 
ly). He had previously undergone bilateral 
penetrating keratoplasties, presumably 
because of a diagnosis of keratoconus. Fol- 
lowing the keratoplasty in the right eye a 
total retinal detachment developed and the 
eye subsequently lost light perception and 
became phthisical. The left eye had also 
undergone penetrating keratoplasty that 
was complicated by the development of a 
severe herpetic keratitis with edema, vas- 
cularization, and scarring of the graft. 

The patient subsequently underwent a 
second penetrating keratoplasty in his left 
eye with improvement of visual acuity 
from hand motions to 20/400. One week 
after surgery a total epithelial defect had 
developed that was only partially respon- 
sive to lubrication, patching, placement of 
a therapeutic soft contact lens, and lateral 
tarsorrhaphy. The cornea subsequently 
underwent central ulceration, necessitat- 
ing a repeated transplant. 

At the time of the repeated penetrating 
keratoplasty a therapeutic soft contact 
lens was placed in the eye. The patient’s 
visual acuity improved to 20/200 within 
one month after surgery. The corneal epi- 
thelium remained intact under the thera- 
peutic soft contact lens for five months, at 
which time the patient presented with 
complaints of deereased vision, foreign- 
body sensation, and conjunctival hyper- 
emia. The visual acuity had decreased to 
hand motions. A 90% corneal epithelial 
defect was present and the cornea was 
diffusely edematous. A large endothelial 
plaque, thought to represent confluent ker- 
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atic precipitates, was present. The diagno- 
sis of acute allograft reaction was made 
and the patient was treated by increasing 
the systemic prednisone dosage, adminis- 
tering a subconjunctival injection of meth- 
ylprednisolone acetate (20 mg), and pre- 
scribing hourly prednisolone acetate drops. 
Cultures were taken frem the area of the 
epithelial defect and these were negative. 
The stromal edema and endothelial reac- 
tion improved and the visual acuity recov- 
ered to the 20/400 level. An 80% epithelial 
defect persisted, however, beneath the 
therapeutic soft contact lens. For this rea- 
son a regimen was begun of autologous 
serum tears given first every hour and 
then every two hours while the patient was 
awake. The tears were prepared by allow- 
ing tubes of freshly drawn blood to stand 
for at least 15 minutes, followed by centrif- 
ugation for 15 to 2) minutes to create a 
sharp demarcatiom between serum and 
packed cells. If the serum showed any red 
tint, indicative of hemolysis, the tube was 
discarded. In a laminar flow hood, using 
aseptic techniques, the serum layer was 
transferred to sterile 15-mL plastic bottles. 
Some of the serum layer was not trans- 
ferred so as to prevent the transfer of red 
blood cells into the bottle. The serum tears 
were refrigerated and used for a maximum 
of ten days. 

After one week of serum tear therapy an 
incomplete annular infiltrate was observed 
in the superotemporal and _ inferonasal 
quandrants (Fig D. The infiltrate was 
thought to represent an immune response 
either to the presence of herpes simplex 
viral antigen or to be related to the episode 
of allograft rejection. The infiltrate did not 
respond to an increase in the administra- 
tion of systemic and topical corticoste- 
roids. After six weeks of treatment with 
the topical serum tears the epithelial 
defect was completely healed but the annu- 
lar stromal infiltrates persisted beneath 
the healed epithelium. Use of the serum 
tears was tapered off to four times per day 
and then to twice per day. Four weeks later 
the epithelial defect recurred. The frequen- 
cy of serum tears administration was in- 
creased to every two hours, but the epithe- 
lial defect did not appear to respond and a 
diffuse midstroma! corneal opacity was 
noted with a decrease in visual acuity to 
the hand-movemen: level. 

Because of the inability to maintain an 
intact corneal epithelium a conjunctival 
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Fig 1.—Left, Biomicroscopic photograph one week after beginning autologous serum therapy. Incomplete annular white 
opacity is present in superficial stroma. Center, Higher-power view of noncrystalline, superficial, annular stromal opacity. 
Right, Slit beam illustrates corneal thickening and endothelial opacity related to allograft reaction episode. 
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Fig 2.—Photomicrograph of eosinophilic gran- 
ular deposit within superficial corneal stroma 
that correlates with annular deposit seen clin- 
ically in Fig 1 (hematoxylin-eosin, original 
magnification X 180). 


flap procedure was performed. Unfortu- 
nately, the flap retracted and, in the set- 
ting of a total epithelial defect, central 
stromal ulceration began. For this reason 
an additional penetrating keratoplasty 
was performed. 

Laboratory data for this patient in- 
cluded a normal hematocrit, white blood 
cell count, and platelet count. The sedimen- 
tation rate was 3 mm/h. Results of serum 
chemistry studies were remarkable only 
for elevation of serum cholesterol and tri- 
glyceride levels; the total protein, serum 
albumin, and serum globulin levels, the 
albumin-to-globulin ratio, and results of 
serum protein electrophoresis were all nor- 
mal. Results of urinalysis were normal, 
without proteinuria. 


HISTOPATHOLOGIC AND 
IMMUNOLOGIC STUDIES 
Materials and Methods 


The corneal button was fixed in 4% 
formaldehyde solution. The button was 
bisected after fixation and then the tissue 
was progressively dehydrated in alcohol, 
cleared in xylol, embedded in paraffin, and 
stained differentially with the following 
stains: hematoxylin-eosin, periodic acid- 
Schiff, Masson’s trichrome, Congo red, and 
alcian blue (pH 2.5). Additional tissue sec- 
tions were processed using the immunohis- 
tochemica] technique for immunoglobulins 
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Fig 3.— Confluent mononuclear cells (lympho- 
cytes, macrophages, and epithelioid cells) 
adjacent to Descemet’s membrane (hematox- 
ylin-eosin, original magnification X320). 





——_ s 
Fig 4.—Stromal deposits stained with immu- 
noperoxidase technique for IgM. Brick red 
reaction product indicates presence of IgM 
within deposit. Staining pattern was similar for 
IgA, IgG, and x and A light chains (diamino- 
benzidine with hematoxylin, original magnifica- 
tion X360). 















*Plus sign indicates positive; minus sign, negative; and NT, not tested. 


(IgM, IgG, IgA, and x and À light chains) 
using previously described techniques." 
Briefly, deparaffinized sections were incu- 
bated with 0.3% hydrogen peroxide in 
methanol at room temperature for 15 
minutes. The sections were rinsed in phos- 
phate-buffered saline solution (PBS) at a 
pH of 7.3 for ten minutes. To prevent 
nonspecific background staining the sec- 
tions were incubated with nonimmune goat 
serum (dilution, 1:20) for 20 minutes. The 
slides were washed in PBS for ten minutes 
and incubated with primary (rabbit anti- 
human) antibodies directed against IgG, 
IgM, IgA, and x and J light chains (Dako 
Corp, Santa Barbara, Calif) at dilutions of 


1:500, 1:200, 1:100, and 1:100, respectively, 
for 30 minutes. After rinsing with PBS for 
ten minutes, secondary biotinylated goat 
anti-rabbit antibody (Vector, Burlingame, 
Calif) at a dilution of 1:400 was applied for 
30 minutes. The slides were washed in PBS 
for ten minutes and incubated with avidin- 
biotin complex for 30 minutes. Sections 
were rinsed with PBS for ten minutes and 
exposed to aminoethyl carbazol in 1% 
hydrogen peroxide for seven minutes. The 
sections were then counterstained with 
hematoxylin for two minutes. Control sec- 
tions were similarly processed except that 
nonimmune rabbit serum was substituted 
for the immunoglobulin antisera. 
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RESULTS 


Microscopic examination showed 
the corneal epitheliam to be absent. 
Toward the periphery of the specimen 
a large eosimophilic granular deposit 
was noted within the superficial cor- 
neal stroma ‘Fig 2). This eosinophilic 
deposit correlated with the location of 
the incomplete annular infiltrate 
noted clinically. Associated with this 
deposit wes an infiltrate of acute and 
chronic inflammatory cells. The oppo- 
site periphery of the button showed a 
similar infiltrate of inflammatory 
cells. There was moderate central 
stromal ulceration but Descemet’s 
membrane was intact. The endothelial 
aspect of Descemet’s membrane was 
lined with confluent mononuclear 
inflammatory cells, including epi- 
thelioid ells and giant cells 
(Fig 3). 

Special stains for bacteria as well as 
fungi disclosed only occasional gram- 
positive cocci within the granular 
material. The area corresponding to 
the eosinophilic infiltrates stained 
positively with IgG, IgM, IgA, and for 
x and A light chains (Fig 4). 


COMMENT 


Deposition of immunoglobulins in 
the cornea typically presents as a 
crystalline change.**°?!*35 Qur pa- 
tient develeped an infiltrate that had 
an annular appearance and did not 
appear crysialline when viewed with 
the biomiersscope. An annular infil- 
trate may suggest the possibility of an 
infeetious keratitis such as acantha- 
moebic keratitis, herpes simplex ker- 
atitis (Wessely immune ring), fungal 
keratitis, or even prolonged use of 
topical amesthetic agents.” Other 
causes of the corneal immune ring 
include severe corneal burns or anti- 
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genic foreign bodies (usually animal 
parts such as caterpillar hairs, but 
also Burdock burrs, hop vine, fox 
moth and tiger moth).'* In our patient, 
the ring infiltrate proved to represent 
focal deposits of immunoproteins. 

The mechanism(s) by which immu- 
noglobulin may become deposited in a 
crystalline form within corneas of 
patients with monoclonal gammopa- 
thy and multiple myeloma is un- 
known. The first case report, by Klint- 
worth et al,* described immunoglobu- 
lin deposits in the epithelium, and it 
was postulated that the tears were the 
source of this protein. This hypothesis 
would appear to be supported by the 
experience with our patient, in whom 
application of autologous serum on an 
hourly basis to his nonepithelialized 
cornea was followed by the appear- 
ance of a superficial stromal immuno- 
globulin deposit. 

Alternatively, Rodrigues et al‘ 
noted that the posterior stromal loca- 
tion of the immunoglobulin deposits 
in their patient made the tear film an 
unlikely vehicle by which the protein 
gained access to the stroma, and they 
implicated the limbal vessels as the 
source of the immunoglobulin. Miller 
et al’? also noted protein deposits at 
all levels of the cornea, but also within 
the ciliary body, pars plana, and cho- 
roid, lending further support to the 
theory that, in dysproteinemic states, 
the immunoprotzin gains access to the 
cornea and other ocular structures via 
the vasculature rather than the pre- 
ocular tear film. 

Yassa et al? reported a case of 
immunoglobulin deposition in the 
posterior corneal stroma in which 
electron microscopy suggested that 
the immunoglobulin deposits were 
locally synthesized by keratocytes. 
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Their patient did not have a dyspro- 
tenemia. 

We are aware o° a total of six cases, 
in addition to our patient, of immuno- 
globulin deposition in the cornea or 
conjunctiva that have been studied 
using immunohistechemical tech- 
niques (Table). These deposits had a 
crystalline appearance and in five 
cases IgG was the only immunoglobu- 
lin present. It would appear that the 
monoclonal nature of these proteins 
allowed them to form crystals. In this 
regard, it is not surprising that the 
deposits in our patient’s cornea were 
not crystalline since the immunoglob- 
ulins within his stroma were clearly 
polyclonal. 

Our patient was treated with drops 
composed of autclogous serum in an 
attempt to promote reepithelializa- 
tion of the cornea. This therapy was 
based on the hypothesis that serum 
may contain facters, such as fibronec- 
tin,” that might promote cellular 
migration and attachment. We infer 
that the superfieial stromal deposi- 
tion of immunoglobulin of three types 
(IgM, IgG, and IgA) suggests that the 
source of the immuneglobulin was the 
autologous serum placed in the pre- 
corneal tear film on an hourly basis. 
We interpret thissas an apparent com- 
plication of a therapy for a condition 
that may, rarely, preve unresponsive 
to the numerous conventional thera- 
pies (lubrication, patching, therapeu- 
tic soft contact lenses, and tarsorrha- 
phy) often tried in the treatment of 
persistent epithetial defect. Why this 
immunoprotein deposition occurred in 
our patient and not in other patients 
who have used autologous serum tears 
is unclear. It is possible that the histo- 
ry of herpetic keratitis or the allo- 
graft reaction may have contributed. 
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Sinus Histiocytosis Presenting as an Epibulbar Mass 


A Clinicopathologic Case Report 


Samuel S. Stopak, MD; Neil G. Dreizen, MD; Lorenz E. Zimmerman, MD; John F. O’Neill, MD 


@ Sinus histiocytosis is a well-recog- 
nized condition that mainly affects chil- 
dren in the first decade of life. Although 
this usually benign disease often features 
massive cervical lymphadenopathy, nu- 
merous extranodal sites of involvement 
can be seen. We describe a new present- 
ing manifestation for sinus histiocytosis. 
A 13-month-old infant developed a rapidly 
growing unilateral epibulbar tumor that 
involved the cornea. A complete physical 
examination revealed only mild inguinal 
lymphadenopathy. A diagnosis of sinus 
histiocytosis was made by histologic 
examination of the lesion after surgical 
excision. 

(Arch 
1428) 


Ophthalmol 1988;106:1426- 


À case of sinus histiocytosis with 
massive lymphadenopathy was 
first reported by Azoury and Reed! in 
1966. It was not until 1969, however, 
with its description by Rosai and 
Dorfman, that sinus histiocytosis 
with massive lymphadenopathy be- 
came a well-recognized clinicopatho- 
logic entity. The original cases report- 
ed by Rosai and Dorfman featured 
painless enlargement of cervical and 
other lymph node groups. Later 
reports of patients with sinus histio- 
cytosis included descriptions of extra- 
nodal involvement,*'* as well as fever, 
leukocytosis, elevated erythrocyte 
sedimentation rates, and hypergam- 
maglobulinemia.*4*!2!5 

Ophthalmic manifestations most 
often have been characterized by infil- 
tration of the eyelids or of the orbital 
soft tissues.**”*'°'! Involvement of the 
globe is rare, with only two such cases 
reported in the literature. In one 
report, a patient with systemic sinus 
histiocytosis developed a unilateral 
panuveitis,'' while in another report, a 
patient with systemic sinus histiocy- 
tosis developed a unilateral anterior 
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uveitis, which responded to therapy 
for her systemic disease.’* Neither of 
these reports cited ocular adnexal 
involvement. Ocular manifestations 
of sinus histiocytosis may be the ini- 
tial or only expression of the dis- 
ease.” 


REPORT OF A CASE 


An otherwise healthy 13-month-old 
male infant was referred for evaluation of 
an enlarging lesion involving the left eye. 
On physical examination by the referring 
ophthalmologist two months earlier, an 
elevated, fleshy, and well-circumscribed 
epibulbar tumor was noted, lying just pos- 
terior to the limbus at the 12-o’clock posi- 
tion. When we examined the infant, the 
lesion measured 8 mm vertically by 6 mm 
horizontally, with 3 mm of superficial cor- 
neal invasion (Fig 1). Findings from the 
remainder of the examination revealed no 
other abnormalities in either the eye or the 
ocular adnexa. 

Results of laboratory studies revealed a 
leukocyte count of 9.0 X 10°/L, with a nor- 
mal differential cell count; a hematocrit of 
0.38; a Westergren erythrocyte sedimenta- 
tion rate of 5 mm/h; and a normal chest 
roentgenogram. A complete physical 
examination revealed only minimal ingui- 
nal lymphadenopathy, which was not con- 
sidered to be clinically significant. 


Complete surgical excision of the mass 
was performed by superficial keratectomy 
using general anesthesia. After 19 months 
there is no evidence of local recurrence or 
of systemic disease. 


PATHOLOGIC FINDINGS 


Grossly, the lesion appeared as a 
5X4X1-mm firm, discoid piece of 
tissue with overlying hyperemic ves- 
sels. Microscopic examination re- 
vealed a nonencapsulated inflamma- 
tory lesion consisting predominantly 
of large ill-defined aggregates of his- 
tiocytes with an admixture of lympho- 
cytes and plasma cells (Fig 2). The 
histiocytes were characteristically 
large cells with abundant pale-stain- 
ing and finely vacuolated cytoplasm. 
They had large, vesicular, round 
nuclei that contained prominent 
nucleoli. Plasma cells and lympho- 
cytes were seen in smaller numbers, 
some of which were within the cyto- 
plasm of the histiocytes (Figs 3 and 4). 
Neutrophils were present but not con- 
spicuous. Diffuse infiltration of the 
overlying conjunctival substantia pro- 
pria, Bowman’s membrane, and 
peripheral superficial corneal stroma 
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Fig 1.—Well-circumscribed, hyperemic epibulbar lesion with corneal involvement in 13-month-old 


male infant. 
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by all of the aferementioned cells was 
evident. immunoeytologic staining 
performec on tissue sections revealed 
positive staining for S-100 protein 
(Fig 5). 

COMMENT 


Sinus lListiecytosis with massive 
lymphadeanpathy is a pseudolympho- 
matous dsease first clearly estab- 
lished as = distinct clinicopathologic 
entity by Rosai and Dorfman. The 
disease presents most often in the 
first decaie of life, with patients 
exhibiting massive cervical lymphad- 
enopathy, fever, leukocytosis, elevated 





erythrocyte sedimentation rates, and 
hypergammaglobulinemia. Other 
lymph node groups, such as axillary, 
inguinal, mediastinal, and perihilar, 
may be involved.*!> Extranodal in- 
volvement is reported in 28% of 
cases.'' These sites include skin, bone, 
testicle, upper respiratory tract, sali- 
vary gland, epidural space, and the 
ocular adnexa and globe.™* 

Sinus histiocytosis usually has a 
benign, albeit protracted, course with 
total spontaneous regression. Howev- 
er, one fatal case has been reported in 
which infiltrates in the thymus gland, 
kidney, liver, neart, and brain were 


found at autopsy.’ In nonremitting 
cases, treatment may be indicated. 
Systemic steroic therapy, chemother- 
apy, local radiation therapy, and sur- 
gical excision have been employed. 
Two cases with spinal epidural 
involvement have been reported; a 
combination of excisional surgery and 
irradiation relieved the paraplegia in 
one, while in the other, the neurologic 
manifestations were controlled by 
systemic therapy with prednisolone 
sodium phosphate and vinblastine 
sulfate.’ 

Sinus histiocytosis is nonhereditary 
and its cause remains obscure. Infec- 


Fig 2.—Exeised limbal lesion shown in Fig 1. Pale-staining areas 
(arrows) ar= massive accumulations of large histiocytic cells with 
abundance » minimally stained cytoplasm, while most deeply stained 
areas are resultant of infiltration by lymphocytes and plasma cells. C 
indicates ccnea; and E, epithelial surface of conjunctiva (AFIP Neg 
88-6018, hematoxylin-ecosin, original magnification X24). 
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Fig 3.— 
and plasma —=lls. in left and lower parts of field, most of lymphoid cells 
are contained within cytoplasm of histiocytes (AFIP Neg 88-6019, 
hematoxylin-eosin, original magnification X75). 
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Fig 4.—Lymphoid cells contained within cyteplasm of histiocytes 
(arrows) (AFIP Neg 87-6322, hematoxylin-eesin, original magnification 
X400). 
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Fig 5.—Large dark cells are histiocytes exhibiting positive staining for 
S-100 protein. Unstained lymphoid cells contained within cytoplasm of 
histiocytes (arrows) are outlined by deeply stained cytoplasm (AFIP 
Neg 88-6024, immunoperoxidase for S- 100 protein, original magnifica- 


tion X400). 
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tious agents have been implicated, 
partly because the histopathologic 
features resemble those of rhinoscle- 
roma, a disease caused by Klebsiella 
rhinoscleromatis. Elevated antibody 
titers to Klebsiella antigens in 
patients with sinus histiocytosis have 
been occasionally demonstrated.®’ In 
addition, elevated antibody titers to 
Epstein-Barr virus and other micro- 
organisms have been reported.*”!*! 
Definitive identification of a caus- 
ative organism, however, has yet to be 
made. Due to the association with 
hypergammaglobulinemia, investiga- 
tions aimed at detecting abnormali- 
ties in the host immune system have 
been performed. Although one group 
of investigators found transient 
abnormalities of immunologic func- 
tion test results in a patient with 
sinus histiocytosis, others were 
unable to confirm those findings.*® 

The microscopic features of the 
lesion in our case are typical of those 
seen in sinus histiocytosis. Although a 
definitive diagnosis of sinus histiocy- 
tosis can usually be made by histolog- 
ic examination, immunocytologic 
staining for S-100 protein may be 
helpful in differentiating the histio- 
cytes found in sinus histiocytosis from 
those found in certain other histiocyt- 
ic lesions.'*?° Whereas, for example, 
the histiocytes found in sinus histio- 
cytosis stain positively for S-100 pro- 
tein,’ those found in juvenile xantho- 
granuloma do not.” The S-100 protein 
positivity of the histiocytes found in 
sinus histiocytosis might suggest a 
possible relationship between sinus 
histiocytosis and histiocytosis X, a 
disease in which the histiocytes also 
exhibit S-100 protein positivity.'*”° 
The histiocytes in sinus histiocytosis, 
however, have not been found to con- 
tain Birbeck granules, the peculiar 
cytoplasmic organelles that are 
present in histiocytosis X, as well as 
in the Langerhans cells of the epider- 
mis. !7"!82! 

Ophthalmic manifestations of sinus 
histiocytosis were described in 13 
patients in a series of 113 cases.” In 
that study, the most frequent oph- 
thalmic manifestations were lesions 
of eyelids and orbital masses. Eyelid 
or orbital involvement was the first 
sign of disease in six cases, while six 
other patients went on to develop eye- 
lid or orbital involvement from six 
months to 20 years after other tissues 
had been involved. In only one case 
was orbital involvement the only evi- 
dence of sinus histiocytosis. Another 
patient from that series has panuvei- 
tis, and histiocytic infiltration of the 
uveal tract was seen on histologic 
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examination after enucleation. Re- 
cently, the case of a patient with 
known sinus histiocytosis who subse- 
quently developed unilateral uveitis 
was reported,'* but histologic exami- 
nation of the eye was not performed. 
Friendly et al’ described four addi- 
tional cases of sinus histiocytosis in 
which orbital involvement was one of 
the initial manifestations. 

The differential diagnosis of epibul- 
bar tumors in children has been 
reviewed by Elsas and Green.” Der- 
moids, dermolipomas, nevi, and epi- 
thelial inclusion cysts were the most 
common entities encountered in their 
series of 302 cases; pyogenic granulo- 
mas, true granulomas, and vascular 
hamartomas were found less fre- 
quently. The only histiocytic lesion in 
that series was a fibrous histiocyto- 
ma, while a squamous cell carcinoma 
and a rhabdomyosarcoma were the 
only malignant neoplasms. In the con- 
text of an epibulbar histiocytic lesion 
in an infant, the possibility of juvenile 
xanthogranuloma (nevoxanthoendo- 
thelioma) would have to be consid- 
ered.*** Jakobiec and coworkers” 
have recently described a large protu- 
berant mass at the inner canthus in a 
9-month-old infant whose tumor had 
mixed features of fibrous histiocyto- 
ma and juvenile xanthogranuloma. In 
our patient, the histopathologic fea- 
tures, including the S-100 protein pos- 
itivity, were typical of sinus histiocy- 
tosis and inconsistent with juvenile 
xanthogranuloma or fibrous histiocy- 
toma. 

Our patient presented with a dis- 
crete epibulbar tumor that extended 
into the superficial cornea; this was 
his only manifestation of sinus histio- 
cytosis. We have not found any 
description of a similar case. 
Although mild inguinal adenopathy 
was present, this is not typical of the 
massive lymphadenopathy described 
by Rosai and Dorfman.’ The possibili- 
ty of other sites of involvement devel- 
oping in the future should not be 
overlooked. Our patient, however, has 
remained free of any other evidence of 
the disease for 19 months after exci- 
sion of the limbal lesion. 
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eci started using Viscoat because it produced 
clearer corneas than any other viscoelastic, 
especially during phaceemulsification.?? 
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CC On the first postoperative day, corneas 
are clearer with Viseoat than with any other 
viscoelastic Pve used.?9 


J. Rex Parent, MD 
Dwlomate American Board 
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that clearer corneas and better vision are 
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better endothelial protection.99 
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Time after time, surgeons using 
Viscoat** viscoelastic solution during 
cataract extraction and IOL implan- 
tation have reported clearer corneas 
during and after the procedure. This 
means that patients protected by 
Viscoat'’s long-lasting coating may 
have experienced fewer incidents 
of the trauma that cause edema, 
clouding, and the possibility of signifi- 
cant endothelial cell loss in the long- 
term postoperatively. 


In addition, Viscoat® contains chon- 
droitin sulfate. And in the corneal 
storage medium K-Sol® “chondroitin 
sulfate has been shown to extend 
endothelial cell life preservation 
significantly. t 
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protects the corneal endothelium and other ocular 
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GLAUCOMA SPECIALIST 


Ochsner Clinic seeks excellent subspecialty- 
trained ophthalmologist to assume an estab- 
lished glaucoma practice with affiliated residen- 
cy program. Starting salary commensurate with 
experience, productivity bonus, generous fringe 
benefits. Send C.V. to: 


Richard Hesse, M.D. 

Chairman, Department of Ophthalmology 
Ochsner Clinic 

1514 Jefferson Highway 

New Orleans, LA 70121 


VITREOUS-RETINAL SURGEON 
MINNEAPOLIS 


BC/BE Ophthalmologist with subspecialty training in 
Vitreous-Retinal Surgery needed to join the 10-member 
Department of Ophthalmology and serve as Director of 
the Retinal Surgery Program of the Park Nicollet Medical 
Center and the International Diabetes Center. 


Our established Vitreous-Retinal specialty clinic is fully 
equipped for our high pathology practice with laser, 
ultrasound and fluorescein angiography. Our specialty 
staff includes two COMTs and an office assistant. 


Candidates desired with interests in teaching and clinical 
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cedure to examine the peripheral fundus with an indirect 
ophthalmoscope? 


Laser Indirect 


HGM has now made it possible to treat areas that you could 
only examine before. The exceptional view offered by the 
new HGM Laser Indirect Ophthalmoscope makes it possible 
for you to see and treat the peripheral fundus like never 
before. With spot sizes ranging from 200 to 1000 microns, 

it facilitates a wide range of procedures from retinopexy to 
PRP. Andas with all HGM accessories, connecting the 
Laser Indirect Ophthalmoscope is quick and easy. 
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The new HGM M-25 Slit Lamp is 
designed to precisely control and 
deliver laser energy. Microscope 
and laser beam are focused on the 
same plane at all times, 
giving you the accuracy 
needed for delicate macular 
treatments, combined with 
the power needed to perform 
iridotomy or trabeculoplasty with 
confidence. And setting up an HGM 
laser and slit lamp em ee 
will save you aoe 
about $10,000 over 
other systems now available. 


To learn how an HGM laser and ophthalmic accessories can add a 
new dimension of precision and efficiency to your practice, call us 
at 1-800-447-0234. 
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PEDIATRIC 
OPHTHALMOLOGY 


The Department of Ophthalmology at the 
University of Arizona College of Medicine 
is seeking a Pediatric Ophthalmologist for 
a full-time faculty position at the Assistant 
or Associate Professor level. Responsibili- 
ties include patient care, teaching, and 
research activities. An interest in genetics 
is desirable but net essential. Candidates 
must be Board Eligible or Board Certified 
in Ophthaimoiogy and have at least one 
year of Fellewship training in Pediatric 


Ophthalmology. Applications will be 
accepted through November 15, 1988 or 
until the pesition is filled. Women and 
minority candidates are encouraged to 
apply. All interested candidates should 
contact: 


Barton L. Hodes, MD, FACS 
Head, Department of Ophthalmology 
University of Arizona Health 
Sciences Center 
1609 North Warren #122 
Tucson, Arizona 85724 


THE UNIVERSITY OF ARIZONA IS AN 
EQUAL OPPORTUNITY EMPLOYER 





GLAUCOMA 
SUBSPECIALIST 


Busy referral subspecialty practice 
seeks full-time glaucoma subspe- 
cialist. Applicant must be fellow- 
ship trained, board certified or 
board eligible. Responsibilities will 
include clinical research. 


All qualified applicants please con- 
tact: 
Mrs. Anna Settle 
9002 North Meridian Street, 
Suite 100 
Indianapolis, IN 46260 





SUBSPECIALTY 
OPHTHALMOLOGIST 
KANSAS CITY 


Fellowship trained Ophthalmologist to 
join two Board Certified Generalists 
and establish first subspeciality de- 
partment. Ultramodern office with 
state of art equipment and vigorous 
growing practice. Some general Oph- 
thalmology until subspeciality estab- 
lished. Ethical. Stimulating environ- 
ment-clinical research-40 papers pub- 
lished from our practice. Exceptional 
offer-salary, fringes, production incen- 
tive. 


Contact: 

John C. Hagan Il M.D., FACS 

Midwest Eye Institute of 
Kansas City 

2700 Hospital Drive 

North Kansas City, MO 64116 


Laboratory Sciences 


Topical Aminocaproic Acid Significantly Reduces the 


Incidence of Secondary Hemorrhage in Traumatic 
Hyphema in the Rabbit Model 


R. Rand Allingham, MD; Earl R. Crouch, Jr, MD; Patricia B. Williams, PhD; Jeffrey C. Catlin, MD; 


David M. Loewy, MD; James Jacobson 


è Systemically administered aminoca- 
proic acid has been shown to reduce the 
incidence of secondary hemorrhage after 
traumatic hyphema. To date, no topical 
treatment has been shown to be effective 
in reducing the incidence of rebleeding in 
a double-masked study. Experimentally 
induced traumatic hyphemas in the rabbit 
model were treated with topical placebo 
gel (4% carboxypolymethylene gel only) 
or carboxypolymethylene gel with amino- 
caproic acid (treated group) in a double- 
masked fashion and were compared with 
untreated controls (control group). In 
both the control and placebo groups, 
there was a 33% rebleed rate. The treated 
eyes had a 10% rebleed rate that is statis- 
tically significant. The topically applied 
aminocaproic acid gel appears to be well 
tolerated locally without evidence of sys- 
temic toxicity. This study indicates that 
topical aminocaproic acid may be an 
effective alternative to systemic treat- 
ment to reduce the incidence of second- 
ary hemorrhage in traumatic hyphema. 

(Arch Ophthalmol 1988;106:1436- 
1438) 


Gpeondary hemorrhage is a serious 

complication of traumatic hyphe- 
ma. It occurs in 18% to 38% of trau- 
matic hyphemas.'* The overall inci- 
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dence is approximately 25%.°’ With 
secondary bleeding, the incidence of 
glaucoma increases to 50%, and there 
is a much greater chance of corneal 
blood staining and optic atrophy.**'° 
Secondary hemorrhage, usually more 
severe than the initial hemorrhage, 
significantly worsens the prognosis of 
an already traumatized eye.*” Re- 
bleeding generally occurs from two to 
five days after the initial injury, and 
almost always by day 7.>*!? 

e-Aminocaproic acid, an antifibri- 
nolytic agent, has been shown to sig- 
nificantly reduce the incidence of sec- 
ondary hemorrhage when given orally 
(100 mg/kg per dose or 50 mg/kg per 
dose; maximum single dose, 5 g) every 
four hours.*"** However, aminocapro- 
ic acid is expensive and must be 
administered frequently. More impor- 
tantly, associated adverse effects, 
including nausea and vomiting (20% 
to 27%), dizziness (0% to 32%), sys- 
temic hypotension (0% to 18%), and 
syncopal episodes, have been reported 
with its use.'* Although decreasing 
the dose of aminocaproic acid (50 mg/ 
kg per dose) appears to decrease the 
incidence of some of these adverse 
effects, many ophthalmologists are 
still reluctant to institute treatment 
with systemic aminocaproic acid. 

The purpose of this study was to 
evaluate the efficacy of topically 
administered aminocaproic acid in the 
treatment of traumatic hyphema in 
the rabbit model. 


MATERIALS AND METHODS 
Hyphema Induction 


Female albino New Zealand rabbits (2 to 
3 kg) were anesthetized using 1 mg/kg of 
acepromazine maleate (Promace, Aveco 
Inc, Fort Dodge, Iowa) and 75 to 100 mg/kg 
of ketamine (Vetalar, Parke-Davis Co, 
Morris Plaines, NJ) administered intra- 
muscularly 15 to 20 minutes before hyphe- 
ma induction. Immediately before induc- 
tion, 0.5% proparacaine hydrochloride 
(Ophthetic, Allergan, Irvine, Calif) was 
applied topically. 

Hyphemas were induced in our rabbit 
model using a method devised by Zimmer- 
man et al, with only minor modifications. 
A source of compressed air (Daisy, Model 
880, Rogers, Ark) was used to propel a 
4.5-mm copper ball through a 2-m X 1.0-em 
aluminum tube. The cornea was positioned 
perpendicularly 0.5 em from the tube with 
eyelids retracted. Nylon mesh (149 mm) 
(Small Parts Inc, Miami, Fla) was placed 
over the eye before hyphema induction to 
diffuse the impact over the corneal surface. 
Hyphema induction was successful in 
approximately 50% of attempts. Total 
hyphema occurred in less than 5% of 
attempts. Only unilateral hyphema induc- 
tion was performed, and at no time were 
rabbits without vision bilaterally. 


Topical Preparations 


Two gel preparations were compounded 
as described in a previous report.'”!* A 
combination of 4% carboxypolymethene 
(Carbopol, BF Goodrich Co, Cleveland) and 
0.01%  ethylenediaminetetraacetic acid 
(Sigma Chemical Co, St Louis) alone was 
used as a placebo. The aminocaproic acid 
preparations consisted of 60% «-aminoca- 
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proic acid (Sigma Chemical Co) added to 
4% cawboxypelymethelene and 0.01% eth- 
ylenediaminetetraacetic acid. Each gel was 
titrated to a pH of 7.2. Preparations were 
compounded using sterile technique and 
stored at 4° between experiments. Gel 
was used at room temperature. Each gel’s 
consistency was equally viscous, molding 
itself te the rabbit fornix in approximately 
five minutes. 


Statistical Analysis of the Data 


Date from the double-masked trial of gel 
alone and gel -with aminocaproic acid were 
compared wiih the centrol group, which 
received no treatment, by means of a one- 
way analysis. of variance to determine if 
differences existed between the three 
groups Duncan's multiple range test was 
used te determine where the differences 
were. Bifferences were considered statisti- 
cally signifieamt when P < .05. 


Treatment Protocol 


Twelve hours after hyphema induction, 
rabbits were examined. Eyes with total 
hyphemas were excluded from the study 
because rebleeding would be difficult to 
detect. The remaining eyes were given 
either gel with aminocaproic acid (treated 
group) or ge! alone (placebo group) in a 
doublemasked fashion. A third control 
group received neither gel nor propara- 
caine. Before instillation of either gel prep- 
aration, two drops of 0.5% proparacaine 
hydrochloride were used. It has been found 
that proparacaine increases corneal pene- 
tration of aminoeapreic acid.: Tubercu- 
lin syringes without the needles were used 
to dispense 11 mL of gel into the inferior 
fornix of the rabbit eye. Gel was adminis- 
tered every six heurs for six days or until 
rebleeding-was documented, at which time 
the rabbit was removed from the study. 

Before the third dosing each day a 
detailed drawing of each hyphema was 
performed: layered blood was measured 
with amillimeterruler. In this manner the 
resolution (or secondary rebleed) was doc- 
umented. Only one masked observer was 
used for ead series of hyphemas. Results 
of the conjunctival and corneal examina- 
tion were recorded. A secondary hemor- 
rhage was considered to have occurred if a 
l-mm or greater increase in the layered 
hyphema or aew blood was noted over the 
iris im an area previously uninvolved. 
Brightred blood noted at the periphery of 
a clot indicative of clot lysis was not con- 
sidered evidence of a recurrent hemor- 
rhage. All hyphemas in our rabbit model 
occupied less than half of the anterior 
segment volume initially. 

An additiona! group of rabbits was used 
to stufly the toxicity of the gel with or 
without aminoeaproic acid. A total of six 
rabbits (12 nerma! eyes) were studied. Half 
received 0.1 mL of gel containing aminoca- 
proic acid and the remainder were given 
gel without zminecaproic acid four times a 
day for five days. Proparacaine (0.5% ) was 
instilled befere application of either gel. 
Rabbits were examined for blepharo- 
spasm, photephobia, conjunctival hyper- 
emia, cornmeal epithelial defects or ulcera- 
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tions, or the development of an abnormal 
red reflex. 


RESULTS 


A total of 37 hyphemas were treated 
with either placebo or aminocaproic 
acid in a double-masked fashion. 
Eight secondary hemorrhages were 
observed in 387 eyes. Rebleeding 
already appeared to be in progress 
during the initial examination of one 
rabbit before any gel application. This 
was documented the following day as 
a “rebleed.” This rebleed was later 
found to be im the treated group. 
Excluding this case there were two 
recurrent hemorrhages in the 19 topi- 
cal aminocaproic acid-treated eyes 
with hyphemas (10% ), which is statis- 
tically significant (P < .05) (Figure). 
There were six recurrent hemor- 
rhages in the 18 placebo-treated eyes 
with hyphemas (33%). Additionally, 
in the control group (no gel treatment 
and no topical aminocaproic acid), 
consisting of 15 hyphemas, there were 
five secondary hemorrhages (33% ). 

There were no gross differences 
noted in the anterior segments of 
treated vs control eyes. Conjunctival 
hyperemia and corneal edema from 
hyphema induction were similar in all 
three groups. 

Gross examination of normal rab- 
bits after administration of gel both 
with and without aminocaproic acid 
failed to reveal any significant ocular 
toxicity to either preparation. Non- 
progressive, mild superficial punctate 
staining of the cornea was noted in 
both groups of rabbits, which rapidly 
cleared after the gel administration 
was stopped and may have been re- 
lated to proparacaine administration. 
Mild conjunctival hyperemia that 
subsided within an hour of gel appli- 
cation also was noted; this occurred 
more frequently after gel with amino- 
caproic acid was used. 


COMMENT 


Recurrent hemorrhage complicates 
hyphema associated with blunt trau- 
ma in a significant portion of cases. 
The vision-threatening complications 
of traumatic hyphema include corneal 
blood staining and optic atrophy. Cor- 
neal blood staining occurs when 
hemoglobin and hemosiderin enter 
the corneal stroma. Corneal blood 
staining can affect the full thickness 
of the stroma. Predisposing factors 
include (1) prolonged duration of 
hyphema (six days or more), (2) 
hyphema occupying greater than half 
the anterior ehamber, (3) corneal 
endothelium dysfunction, and (4) ele- 
vated intraocular pressure.*? Blood 
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25 
Total No. of Hyphemas 


No. of Rebleeds 
20 


No. of Eyes 





0 


Control 


Control group had no treatment at all and had 
secondary hemorrhage in five (33%) of 15 
eyes. In placebo group (treated with carboxy- 
polymethylene gel only), rebleeds occurred in 
six (33%) of 18 eyes. Secondary hemorrhage 
occurred in only two (10%) of 19 eyes of those 
treated with topical aminocaproic acid (ACA), 
which is a statistically significant decrease 
(P < .05) (asterisk). 


staining of the cornea may take from 
several months to years to clear. In- 
two prospective studies totaling 196 
patients,**’ 11 patients (5.6%) devel- 
oped microscopic corneal blood stain- 
ing. All patients had hyphemas that 
occupied more than 50% of the anteri- 
or chamber for six days or more. Four 
of the patients developed profound 
amblyopia secondary to the corneal 
blood staining. 

Optic atrophy in hyphema may 
result from initial trauma or from 
secondary transient periods of intra- 
ocular pressure elevation. Optic atro- 
phy occurred in ten (5.1%) of 196 
patients prospectively studied.**’ Op- 
tic atrophy occurred at constant pres- 
sure of 50 mm Hg or greater for five 
days in seven patients and 35 mm Hg 
or greater for seven days in three 
patients. Two patients with sickle cell 
trait developed optic atrophy with 
intraocular pressures of between 35 
mm Hg and 40 mm Hg for only two 
and four days, respectively, despite 
antiglaucomatous therapy.’ 

Because recurrent hemorrhage ap- 
pears to be associated with a worse 
visual prognosis, prevention of this 
complication is a major goal of hyphe- 
ma management. Systematically ad- 
ministered aminocaproic acid effec- 
tively reduces the incidence of recur- 
rent hemorrhage. However, due to 
expense, frequency ef administration, 
and side effects, its use by the oph- 
thalmic community has been limited. 

It has been shown that systemati- 
cally applied aminoeaproic acid accu- 
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mulates in the aqueous humor of rab- 
bits in a dose-dependent manner.” 
Furthermore, aqueous humor antifi- 
brinolytic activity parallels aqueous 
humor aminocaproic acid concentra- 
tion in this model. We have theorized 
that the main site of action of amino- 
caproic acid is activated plasmin in 
the aqueous humor.'”'* Toward this 
end a topical form of aminocaproic 
acid using carboxypolymethylene as a 
vehicle was developed that achieved 
aqueous humor concentration compa- 
rable with concentrations achieved 
with intravenous administration 
while plasma levels were 5% to 33% 
of those seen with systemic adminis- 
tration.” Rabbits treated with amino- 
caproic acid topically do not exhibit 
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systemic side effects seen after intra- 
venous aminocaproic acid administra- 
tion. Subsequently, we found that pre- 
treatment with topical 0.5% propara- 
caine reduced discomfort of gel 
administration and increased corneal 
penetration of aminocaproic acid into 
the aqueous humor.'”'® Using amino- 
caproic acid gel in this manner we 
have significantly reduced the inci- 
dence of secondary hemorrhage in the 
rabbit model. 

Additional studies are needed 
before topical aminocaproic acid can 
be used in a clinical trial. Potential 
ocular toxicity requires further exam- 
ination. We are exploring the possibil- 
ity of an administration every 12 
hours if patching is used, as well as 
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lower aminocaproic acid concentra- 
tions in the gel. We are hopeful that in 
the future topical aminocaproic acid 
treatment may provide a safe, effec- 
tive, and less costly therapy for the ad 
treatment of traumatic hyphema. 
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Retinal Pigment Epithelial Cells in 
Culture Produce Retinal Vascular Mitogens 


Hong Chai Wong, FRES; Mike Boulton, PhD; David McLeod, FRCS; Meryl Bayly; 


Peter Clark, MSc: John Marshall, PhD 


è Conditiened medium from human 
retinal pigment epithelial cells in culture 
significantty stimulated the proliferation 
of subcultured bovine retinal capillary 
endothelial «ells. pericytes, and freshly 
isolated retimal microwessels. The vascu- 
lar mitogenic activity enhanced that of 
retinal cruce extract. No evidence 
emerged of an inhibitor of microvascular 
cellular proifferation oroduced by retinal 
pigment epitmelia! cells. 

(Arch @ohthalmc! 
1443) 


T= two eell types responsible for 
the blood-retinal barrier—retinal 


pigment epithelial (RPE) cells and 
retinal capillary endothelial cells— 
are separaved anatomically. Never- 
theless it ic possible that alterations 
of function n one cell type will lead to 
changes im the other. Such interac- 
tions are suggested by clinical obser- 
vations. In retinitis pigmentosa, for 
example, the widespread pigment epi- 
thelial atrephy is accompanied by ret- 
inal vascular attenuation. Moreover, 
scatter phesocoagulation and destruc- 
tion of RPE cells cause regression of 
the extraretinal neovascularization 
that compticates retinal capillary 
nonperfusion. Experimental models 
give further credenee to these interac- 
tions, eg, afer laser photocoagulation, 
a wave of mecrovasaular cell prolifera- 
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tion or repair is incuced that initially 
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affects the capillary bed overlying the 
coagulated RPE but subsequently 
spreads throughout the venous 
(though not the arterial) retinal vas- 
cular tree.! 

Although in vitro interactions 
between RPE cells and retinal micro- 
vascular cells had not been studied at 
the outset of the present investiga- 
tion, the influence of RPE cells on 
other cell types (both ocular and non- 
ocular) had been investigated using 
“conditioned media.” When tissue cul- 
ture medium was incubated with cul- 
tured human RPE (HRPE) cells (and 
was thus “conditioned” by the RPE 
cells), the resultant conditioned medi- 
um had a mitogenic effect on bovine 
corneal fibroblasts, rat brain astro- 
cytes, and RPE cells themselves.’ Sur- 
prisingly, HRPE-conditioned medium 
had little effect when tested on fetal 
bovine aortic endothelial cells.? Fur- 
thermore, the mitogenic effect on 
these fetal cells of retinal crude 
extract (which provides a potent stim- 
ulus to proliferation of various cell 
types, especially mesodermal cells**) 
was blocked by HRPE-conditioned 
medium.’ Glaser and colleagues‘ have 
subsequently reported that human 
retinal microvascular cells are simi- 
larly affected and they have postu- 
lated that diffusible factors produced 
by RPE cells may inhibit retinal neo- 
vascularization. In view of the great 
interest in (and the importance 
attached to) these observations,’ we 
carried out tests of HRPE-condi- 
tioned medium using retinal vascular 
cells as the appropriate target tissue. 
Our preliminary studies demon- 
strated that HRPE-conditioned medi- 
um stimulated the proliferation of 
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bovine retinal micrevascular cells in 
culture.*’ 

We, like Glaser et al,‘ have extended 
our study to the interaction between 
HRPE-conditioned medium and reti- 
nal crude extract and to the effect of 
filter sterilization en the mitogenic 
activity of the conditioned medium.” 
We have investigated whether the 
mitogenic effect is related to the 
degree of confluenee of the HRPE 
cells and to the concentration of plas- 
ma used in producing the conditioned 
medium. We have also examined the 
mitogenic effect om freshly isolated 
retinal microvessels since cellular 
outgrowth from these capillary frag- 
ments may resemble in vivo neovascu- 
larization more closely than cell cul- 
tures. Finally, we have studied alter- 
native target tissues and conditioned 
media to put the results into a clear 
overall perspective. 


MATERIALS AND METHODS 
Cell Cultures 


Human eyes of variable age and with no 
known ophthalmic disease were obtained 
from Moorfields Eye Bank, London, after 
removal of corneal buttons. Bovine eyes 
were collected from a local abattoir. 

Human RPE cells were routinely iso- 
lated and grown in Ham’s F10 medium 
supplemented with 20% fetal calf serum.” 
Bovine retinal capillary endothelial cells 
were grown as previously described.” In 
summary, cells were plated on a 1% gelatin 
substrate in Dulbecco's modified Eagle’s 
medium (DMEM) plus 7.5% human plate- 
let-poor plasma’? and supplemented with 
bovine retinal capillary pericyte-condi- 
tioned medium with 7.5% platelet-poor 
plasma (in a 1:1 ratio). To this mixture 
was added 20 „uL/mL of crude retinal 
extract,'* 90 ug/mL of heparin sodium (Sig- 
ma Chemical Co, St Louis), and 0.2 ug/mL 
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of insulin (Sigma). Human platelet-poor 
plasma was obtained from a local blood 
bank and processed using a previously 
described technique.’ Bovine aortic 
smooth-muscle cells, bovine Tenon’s fibro- 
blasts, and bovine retinal capillary peri- 
cytes were routinely grown in DMEM plus 
20% fetal calf serum.’ 


Production of Conditioned Media 


Cultures between the third and sixth 
passage were used in the production of 
conditioned media and the mitogenic 
assays described below. 

Confluent and postconfluent HRPE cell 
cultures grown in 25-cm? flasks were twice 
washed with phosphate-buffered saline 
solution (DMEM without calcium and 
magnesium). A culture was judged to be 
confluent by phase-contrast microscopy 
when the cells formed a monolayer cover- 
ing the entire culture dish; postconfluent 
cultures were produced by leaving the con- 
fluent cultures in culture medium for a 
further seven days. 

Following washing, 8 mL of either 
DMEM plus 7.5% human platelet-poor 
plasma or plasma-free DMEM was then 
added to each flask. After incubation for 
two days the HRPE-conditioned medium 
was removed and stored at —20°C. Condi- 
tioned media from bovine Tenon’s fibro- 
blasts and retinal pericytes were also pro- 
duced using the same procedures. 


Mitogenic Assay and the Production 
of Test Media 


In all mitogenic assays described below 
the same plasma batch and the same cul- 
tures were used in each individual experi- 
ment. Each individual experiment was 
repeated at least three times. Unless other- 
wise stated, all conditioned media used for 
the mitogenic assays were from confluent 
cultures and were sterilized through a 0.22- 
um filter. 

At day 0, the target cells (whether reti- 
nal capillary endothelial cells, pericytes, 
aortic smooth-muscle cells, or Tenon’s 
fibroblasts) were detached during the late 
log phase of growth and plated in their 
respective growth media at a concentra- 
tion of either 1 or 2 X 10* cells per 17-mm 
well. In the case of retinal capillary endo- 
thelial cells the multiwell plates were pre- 
coated with 1% gelatin substrate to facili- 
tate cell attachment. On day 1, cells from 
six wells in each 24-multiwell plate were 
detached with 0.25% trypsin, and cell 
counts were determined using a hemacy- 
tometer. The growth medium was removed 
from the remaining wells and the cells 
were washed with fresh DMEM. The cells 
were then exposed to one of the following 
test media: (1) conditioned medium con- 
taining 7.5% plasma mixed 1:1 with fresh 
DMEM that contained the same percent- 
age of plasma; (2) plasma-free conditioned 
medium mixed 1:1 with fresh DMEM con- 
taining 7.5% plasma (giving a final concen- 
tration of 3.75% plasma in the test medi- 
um); or (3) respective control test media 
that contained either 7.5% or 3.75% plas- 
ma. 

On day 4 a final cell count was made on 
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Fig 1.—Left, Human retinal pigment epithelium-conditioned medium stimulated proliferation of 
cells from freshly isolated microvessels compared with unconditioned medium. R indicates 
unconditioned medium plus 7.5% plasma mixed 1:1 with conditioned medium (7.5% plasma); F, 
unconditioned medium plus 7.5% plasma; and vertical bars, SEM (n = 6) (R > F; P < .01). Right, 
Light micrograph of cellular outgrowth (circle) from attached retinal microvessels (V) on second 


day after isolation. Bar indicates 100 um. 


all cell types with the exception of retinal 
pericytes. Since pericytes grew compara- 
tively slowly, an intermediate count was 
made on day 5 and the final count was 
made on day 8. Each type of test medium 
was assayed in six wells in each experi- 
ment and each experiment was performed 
on at least three separate occasions. All 
counts were made before cells reached 
confluence in the test media. 


Assays Using Varying Concentrations 
of Plasma 


The mitogenic activity of media condi- 
tioned in different concentrations of plas- 
ma and conditioned media tested in differ- 
ent concentrations of plasma was studied. 
The components of the test medium are 
defined in the appropriate figure legends. 


Interactions Between HRPE-Conditioned 
Medium and Retinal Crude Extract 


Retinal crude extract at concentrations 
from 10 to 50 uL/mL were added to the test 
media specified above. The effect on retinal 
capillary endothelial cells was then 
studied. 


Microvessel Assay 


Microvessels containing retinal capillary 
endothelial cells and pericytes were iso- 
lated as previously described. Between 1 
and 2 X 10* microvessel fragments per 1 
mL of test medium were added to each 
17-mm_ gelatin-coated well. Two days 
after plating the wells were washed with 
DMEM to remove unattached fragments 
and 1 mL of test medium was again added. 
After three more days the total cell count 
was determined. All microvessel assays 


were performed in six wells and on at least 
two occasions. 


Statistical Analysis 


To compare the mitogenic effects of 
more than two types of test media in 
different multiwell plates, the mitogenic 
effect of the test medium in each well was 
expressed as the ratio of the final to initial 
cell count of that multiwell dish (growth 
ratio). Analysis of variance and the New- 
man-Keuls test'® were used on the loga- 
rithm of this ratio to assess the signifi- 
cance of any differences between the test 
media. The growth ratio is used in this 
instance to overcome differences in plating 
efficiency (and hence initial cell count) 
between multiwell plates. 

Where comparison was made solely 
between two test media in one multiwell 
dish, Student’s t test was used on the final 
cell count. When comparing more than two 
test media in one multiwell dish, analysis 
of variance was used to compare the final 
cell count between the different test 
media. 

Though the SEM is not a test of signifi- 
cance, SEMs of either the logarithms of 
the growth ratios or the final cell counts 
are included in the “Results” section. 


RESULTS 
Vascular Mitogenic Effects of 
HRPE-Conditioned Medium 


Test medium containing HRPE- 
conditioned medium was significantly 
mitogenic for primary and subcul- 
tured bovine retinal microvascular 
cells (Figs 1 and 2). Proliferative 
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Fig 2.—Human retinal pigment epithelium-conditioned medium stimulated proliferation of bovine 
retinal capillary endothelial cells (left) and bovine retinal pericytes (right) compared with 
unconditioned mecium. There was no difference in activity of filtered or unfiltered conditioned 
medium on capillary endothelial cells. R indicates unconditioned medium plus 7.5% human 
plasma mixed 1:1 with conditioned medium (7.5% plasma); F, unconditioned medium plus 7.5% 
plasma; X, fiitration; and vertical bars, SEM (n = 6) (R > F, RX > ra << 01). 
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Fig 4.—Comparison of growth ratios of bovine 
retinal capillary endothelial cells exposed to 
conditioned media derived from either conflu- 
ent (Roon) Or postcanfluent (R,,.,) retinal pig- 
ment epithelial cultures vs unconditioned 
medium (F). Conditioning and assay were 
carried out using same batch of 7.5% plasma 
and same cell cultures. Vertical bars indicate 


activity in freshly isolated microves- 
sels is illustrated in Fig 1, and is 
shown in subcultured retinal capillary 
endothelia! cells in Fig 2, left, and in 
pericytes in Fig 2, right. The majority 
of the cells that proliferated and 
migrated from the microvessels had 
the typieal appearance of endothelial 
cells. Both filtered and unfiltered 
HRPE-conditioned medium demon- 
strated significant mitogenic activity 
for retinal capillary endothelial cells; 
indeed, the results were identical (Fig 
2, left). 

The mitogenic activity of HRPE- 
conditioned medium significantly en- 
hanced the proliferative effect of reti- 
nal crude extract (10 to 50 uL/mL of 
medium) on bovine retinal capillary 
endothelial cells (Fig 3). 

The HRPE-conditioned medium 
from cultures that had just become 
confluent was always more mitogenic 
than uneenditioned medium or condi- 
tioned medium from postconfluent 
cultures Wig 4). 

The mitogenic activity of HRPE- 
conditioned medium was significantly 
higher when the medium contained 
7.5% plasma than when the medium 
was plasma free (Fig 5). If the final 
concentration of plasma in the test 
medium was reduced from 7.5% to 
3.75%, the mitogenic activity for reti- 
nal capillary endothelial cells was 
greatly reduced (Fig 5). 
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Fig 3.—Mitogenic activity of human retinal pigment epithelium-conditioned medium enhanced 
stimulatory effect of retinal crude extract on proliferation of retinal capillary endothelial cells. 
Open triangles indicate unconditioned medium plus 7.5% plasma supplemented with varying 
concentrations of retinal crude extract; closed triangles, unconditioned medium plus 7.5% 
plasma mixed 1:1 with conditioned medium and supplemented with varying concentrations of 
retinal crude extract; and vertical bars, SEM (n = 6). 
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Fig 5.—Comparison of growth ratios of bovine 
retinal capillary endothelial cells exposed to 
test media conditioned in either 7.5% or 0% 
plasma and assayed at final concentration of 
either 7.5% or 3.75% plasma (y axis). Same 
plasma batch was used for entire experiment. 
Following test media were used: F7.5 indi- 
cates unconditioned Dulbecco’s modified 
Eagle’s medium (DMEM) plus 7.5% plasma; 
F7.5 + R7.5, unconditioned DMEM plus 7.5% 
plasma mixed with an equal volume of human 
retinal pigment epithelium (HRPE)-condi- 
tioned medium (7.5% plasma); F15 + RO, 
unconditioned DMEM plus 15% plasma mixed 
with equal volume of plasma-free HRPE-condi- 
tioned medium; F3.75, unconditioned DMEM 
plus 3.75% plasma; FO +R7.5, uncondi- 
tioned plasma-free DMEM mixed with equal 
volume of HRPE-conditioned medium (7.5% 
plasma); and F7.5+ RO, unconditioned 
DMEM plus 7.5% plasma mixed with equal 
volume of plasma-free HRPE-conditioned 
medium. Vertical bars indicate SEM (n = 6). 
RS + F7.5>F7.5 or F15 + RO (P< .01); 
FISE RO>S>F7.5 (P< .01); and FO+ 
R7.5 > F3.75 or F7.5 + RO (P < .01). 


Specificity of Cellular Response to 
HRPE-Conditioned Medium 


The mitogenic response of HRPE- 
conditioned medium was not specific 
to retinal microvascular cells. Bovine 
aortic smooth-muscle cells (Fig 6, left) 
and Tenon’s fibroblasts (Fig 6, right) 
also showed significant mitogenic 
responses to HRPE-conditioned medi- 
um. 


Specificity of Effect of Conditioned 
Media 


The mitogenic activity described 
above was not confined to HRPE cells 
since conditioned media from bovine 
Tenon’s fibroblasts and bovine retinal 
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Fig 6.—Human retinal pigment epithelium-conditioned medium stimulated proliferation of both 


smooth-muscle cells (left) and bovine Tenon’s fibroblasts (right) compared with unconditioned 
medium. F indicates unconditioned medium plus 7.5% plasma; R, unconditioned medium plus 


7.5% plasma mixed with equal volume of conditioned medium (7.5% plasma); and vertical bars, 
SEM (n = 6) (for both cell types, R > F; P < .01). 


pericytes also demonstrated signfi- 
cant stimulation of retinal capillary 
endothelial cell proliferation (Fig 7). 


COMMENT 


In the particular in vitro conditions 
that we have outlined, HRPE-condi- 
tioned medium unequivocally stimu- 
lated the proliferation of bovine reti- 
nal capillary endothelial cells and 
pericytes. This correlates with the 
demonstration of in vivo proliferation 
of microvascular cells in the retinal 
venous system after laser photocoagu- 
lation.! The mitogenic effect of 
HRPE-conditioned medium has also 
been confirmed in the microvessel 
assay. Microvessels contain both peri- 
cytes and endothelial cells and thus 
correspond more closely to reti- 
nal vessels in vivo than do pure popu- 
lations of either cultured endothelial 
cells or pericytes; the microvessel 
assay may be a preferred technique 
for investigating extraretinal neovas- 
cularization since preretinal new ves- 
sels in proliferative diabetic retinopa- 
thy also contain both retinal capillary 
endothelial cells and pericytes.” 

Latterly, other workers’*'®° have 
supported this demonstration that 
RPE cells produce vascular mitogenic 
factors. Morse et al’? have shown that 
HRPE-conditioned medium is mito- 
genic for bovine choriocapillaris endo- 
thelial cells and pericytes in vitro, 


Growth Ratio 





Fig. 7.—Comparison of growth ratios of 
bovine retinal capillary endothelial cells in 
unconditioned medium (F), bovine Tenon’s 
fibroblast-conditioned medium (B), bovine ret- 
inal pericyte-conditioned medium (P), and 
human retinal pigment epithelium-conditioned 


medium (R). Vertical bars indicate SEM 


(n = 6) (B = P = RF; P< .01). 


while Orlidge and D’Amore” have 
demonstrated that RPE cells have 
mitogenic activity for adrenal cortex 
capillary endothelial cells in culture. 
More recently, Connor and Glaser’? 
have reported that HRPE cells are 
capable of inducing not only inhibito- 
ry but also stimulatory effects on the 
growth of human retinal microvascu- 
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lar cells. Cennor and Glaser” further 
have stated that the inhibitory effect 
is lost by filter sterilization, ie, that 
filtration of the conditioned medium 
through a 2-um filter results in loss 
of the inhibitory effect and net stimu- 
latory activity. However, our experi- 
ments demonstrate that both filtered 
and unfiltered conditioned media 
exhibit overall stimulatory effects on 
retinal capillary endothelial cells. At 
no point was any inhibitory activity 
observed. Glaser et al’ have also 
reported that HRPE-conditioned me- 
dium inhibits the proliferative activi- 
ty of retinal crude extract on fetal 
bovine aortic endothelial cells. Con- 
trary to their results, however, we 
have found that the mitogenic effect 
of HRPE-conditioned medium en- 
hances the stimulatory activity of ret- 
inal crude extract (Fig 3). The identity 
of the mitegen(s) in the present study 
has not been determined but recent 
evidence suggests that it might be 
“fibroblast growth factor” since 
Schweigerer et al” have demonstrated 
that RPE cells are capable of produc- 
ing this factor in vitro. 

The discrepancies between our 
results and those of Glaser’s group**!° 
may reflect differences in (1) the cell 
types used to test the vascular mito- 
genic activity of HRPE-conditioned 
medium, (2) the use of pericyte-condi- 
tioned medium and retinal crude 
extract in our microvascular endothe- 
lial cell culture method, and (3) the 
assay systems. There is a wealth of 
evidence that the biologic activities of 
endothelial! cells from large and small 
vessels are different,” so the use of 
fetal (let alene adult) aortic endotheli- 
al cells is mappropriate for studying 
the potential ocular vascular effects 
of HRPE-conditioned medium. Sec- 
ond, Glaser and colleagues’ used 
serum- and plasma-free test media, 
whereas we always included plasma in 
our test media. Figure 5 shows that 
the mitogenic response of retinal cap- 
illary endothelial cells to HRPE-con- 
ditioned medium is dependent on the 
concentration of plasma in either the 
conditioning or test media. Thus, the 
absence of vascular mitogenic activity 
in HRPE-conditioned medium re- 
ported by Glaser et al‘ could reflect 
the lack of plasma in their test sys- 
tem. We cousider that assaying in the 
presence of plasma is more relevant to 
neovascularization in vivo since neo- 
vascularization is usually preceded 
and accompanied by breakdown of the 


Arch Ophtha!mol—Vo! 106, Oct 1988 


blood-retinal barrier. 

Many types of cells can produce 
mitogens in vitro, the effects of which 
are not cell specific. We have demon- 
strated vascular mitogen production 
by pericytes and Tenon’s fibroblasts 
and have observed a mitogenic 
response to RPE-conditioned medium 
in nonretinal (Tenon’s fibroblasts) 
and nonocular (aortic smooth-muscle) 
cells. Thus, although a link between 
the in vitro activities of RPE cells and 
retinal microvascular cells has been 
established, extreme caution must be 
exercised in interpreting the biologic 
significance of these laboratory find- 
ings. Furthermore, extrapolation of 
these results te the pathogenesis and 
treatment of vasoproliferative reti- 
nopathies should be restrained since, 
for example, modulation of other com- 
ponents of neovascularization, such as 
the breakdown of basement mem- 
brane in the vessel wall and migration 
of cells, may be just as important as 
microvascular cell proliferation.“ By 
the same token, the hallmark of clini- 
cal regression of neovascularization is 
nonperfusion of the new vessels. Not- 
withstanding our failure to confirm 
the production by RPE cells of inhibi- 
tors of retinal microvascular cell pro- 
liferation, release of such inhibitors 
after scatter photocoagulation cannot 
account for new vessel regression 
since inhibition of proliferation per se 
will reduce neither the existing popu- 
lation of new microvascular cells nor 
perfusion through the neovascular 
channels. 
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Topical Ciprofloxacin Treatment of 


Pseudomonas Keratitis in Rabbits 


Terrence P. O’Brien, MD; Mark R. Sawusch, MD; James D. Dick, PhD; John D. Gottsch, MD 


@ Ciprofloxacin is a new quinolone 
antibiotic that is highly active in vitro 
against Pseudomonas aeruginosa. A rab- 
bit model of bacterial keratitis was used 


= to assess the in vivo efficacy of topical 


ciprofloxacin. Albino rabbits received 
intrastromal injections of 5 X 10°? amino- 
glycoside-resistant P aeruginosa orga- 
nisms. At five hours after inoculation, 
ciprofloxacin (3 mg/mL) therapy was initi- 
ated (one drop every 30 minutes for 12 
hours). Corneal tissue was then excised 
for bacterial colony counts. No organisms 
were recovered from ciprofloxacin- 
treated eyes, compared with an average 
of 3.1X 10’ organisms per milliliter 
recovered from untreated controls. This 
model suggests that topical ciprofloxacin 
may be clinically useful in the treatment of 
aminoglycoside-resistant P aeruginosa 
keratitis. 
(Arch 
1446) 
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(GP orofloxacin (1-cyclopropy1-6-fluo- 

ro-1,4-dihydro-4-o0xo-7)-(1-pipera- 
zinyl)-3-quinolone carboxylic acid hy- 
drochloride is a new fluorinated qui- 
nolone antibiotic that has a broad in 
vitro antimicrobial spectrum with 
activity against most aerobic and fac- 
ultatively anaerobic gram-negative 
bacilli, including Pseudomonas aeru- 
ginosa.'* Activity has also been dem- 
onstrated against gram-positive cocci, 
anaerobes, legionella, chlamydia, and 
mycobacteria.*® Ciprofloxacin has 
been shown to be an effective agent by 
both oral and parenteral administra- 
tion.’* To our knowledge, however, it 
has not previously been studied as a 
topical ophthalmic preparation. Ci- 
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profloxacin is stable in aqueous solu- 
tions for two weeks at room tempera- 
ture and pH ranges from 1.5 to 7.0 
(unpublished data, Miles Pharmaceu- 
ticals, West Haven, Conn, July 1984). 

Pseudomonas aeruginosa keratitis 
is an often severe and increasingly 
frequent ocular infection, especially 
among users of extended-wear contact 
lenses.*'? Recent studies have indi- 
cated increased antimicrobial resis- 
tance by P aeruginosa, including the 
development of strains resistant to 
aminoglycosides.'*!> Ciprofloxacin has 
been demonstrated to have activity 
against multiply drug-resistant 
strains of P aeruginosa.* We investi- 
gated the efficacy of topical ciproflox- 
acin as single-agent treatment in a 
rabbit model of aminoglycoside-resis- 
tant Pseudomonas keratitis. 


MATERIALS AND METHODS 
Penetration Studies 


An initial study was performed to deter- 
mine the penetration of topically applied 
ciprofloxacin into aqueous humor. Twelve 
eyes of six albino rabbits were divided into 
two groups for topical ciprofloxacin dosing. 
In the first three rabbits with intact epi- 
thelium, one 50-uL drop of ciprofloxacin (3 
mg/mL) was topically applied every 30 
minutes for a total of six doses. Samples of 
aqueous humor were obtained by anterior 
chamber paracentesis at time intervals of 
30 and 90 minutes after administration of 
the last dose. In the second three rabbits 
the corneal epithelium was débrided before 
identical dosing with ciprofloxacin and 
sampling of aqueous humor. 

Ciprofloxacin concentrations in aqueous 
humor samples were determined by a high- 
pressure liquid chromatographic assay.'® 


Experimental Model 
of Pseudomonas Keratitis 


A strain of P aeruginosa (4N3422) with 
demonstrated in vitro resistance to amino- 
glycosides was selected (Table 1). Twelve 
eyes of six albino rabbits received intra- 
stromal injections into the center of the 
corneas with 10 „L of a suspension of 
5X10* organisms per milliliter. Pilot 
studies had disclosed that moderate kera- 


titis was evident by four hours after inocu- 
lation and severe keratitis was consistent- 
ly present by 24 hours. 

Rabbits were anesthetized with an intra- 
muscular ketamine hydrochloride-xyla- 
zine hydrochloride mixture and topical 
proparacaine hydrochloride. Intrastromal 
injections were administered via a 30- 
gauge needle attached to a 100-uL Hamil- 
ton syringe while looking through an oper- 
ating microscope. The infections were 
allowed to proceed for five hours before 
initiation of antibiotic therapy. 

The animals were then randomly divided 
into two groups and dosed topically with 
one 50-uL drop of either ciprofloxacin (3 
mg/mL) or normal saline solution admin- 
istered every 30 minutes for 12 hours. The 
ciprofloxacin standard powder (Miles 
Pharmaceuticals, West Haven, Conn) was 
dissolved in 0.1N sodium hydroxide and 
adjusted to a final pH range of 7.0 to 7.2 
with 0.1N hydrochloric acid. One hour 
after administration of the last drop, the 
rabbits were killed and a sample of aque- 
ous humor was obtained by paracentesis 
for drug assay. Uniform corneal buttons 
were then excised with an 8.5-mm sterile 
trephine. Corneal buttons were processed 
in a tissue homogenizer and the tissue 
homogenates were serially diluted in ster- 
ile, physiologic saline solution and plated 
on trypticase soy agar (Baltimore Biologi- 
cal Laboratories, Baltimore). Bacterial col- 
ony counts were then performed after 24 
hours of incubation at 35°C. Pseudomonas 
aeruginosa isolates recovered from corneas 
were again tested for their antibiotic sus- 
ceptibility to monitor for the development 
of resistance during therapy. 


RESULTS 
Penetration Studies 


Drug concentrations of ciprofloxa- 
cin measured in the aqueous humor of 
eyes with intact and débrided corneal 
epithelium are shown in the Figure. 
With intact epithelium, the mean (+ 
SD) ciprofloxacin concentration was 
4.82 + 2.15 ueg/mL 30 minutes after 
administration of the last dose and 
dropped to 3.05 + 1.39 at 90 minutes. 
In contrast, deébrided epithelium 
yielded a threefold increase in the 
ciprofloxacin concentration with a 
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mean level of 12.9 + 4.39 »g/mL at 30 
minutes and 7.0 + 1.32 ug/mL at 90 
minutes. A ithough the serum elimina- 
tion half-life of ciprofloxacin ranges 
from three to four hours, ™!! our lim- 
ited data would suggest an elimina- 
tion half-life of one to two hours for 
this drug im aqueous humor following 
topical administration. Therapeutic 
concentrations of ciprofloxacin were 
achieved im both intact and débrided 
epithelium using this particular dos- 
ing regimen. 
Experimental Model 
of Pseudomonas Keratitis 


The bacterial colony-forming unit 
counts frem corneas excised after 
completion of the 12-hour dosing regi- 
men are shown in Table 2. No orga- 
nisms were recovered from the six 
rabbit eyes treated with ciprofloxacin, 
compared with an average 3.1 X 10’ 
organisms per milliliter recovered 
from untreated control eyes. 


Paracentesis performed before 
trephination confirmed levels of 
ciprofloxacin above the minimal 


inhibitory concentrations (MIC) for 
common ocular pathogens. Repeated 
antibiograms failed to demonstrate 
the emergence of antimicrobial resis- 
tance during therapy. 


COMMENT 


Quinolone antibiotics are bacteri- 
cidal compounds that interrupt DNA 
replication. Bacterial DNA within the 
cell is normally maintained in a nega- 
tively supercoiled state by a class of 
enzymes knewn as “DNA gyrases.” 
Quinolones seem to interfere with the 
ability of DNA gyrase to repair the 
DNA breaks, thus interrupting the 
supercoiled structure and preventing 
DNA replication.” In addition, the 
fluoroquinolones have been shown to 
eliminate plasmids and they may pre- 
vent the transfer of antibiotic resis- 
tance factors.” 

Pseudomonas keratitis is a poten- 
tially devastating and frequently 
occurring ecular infection, especially 
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Penetration of ciprofloxacin (3 ug/mL) into aqueous humor following topical administration of one 
drop every 30 minutes for a total of six doses on intact and débridec corneal epithelium. 


among users of extended-wear soft 
contact lenses.” The ability of Pseu- 
domonas organisms to bind to these 
contact lenses has been well demon- 
strated.’ Resistance of Pseudomo- 
nas strains to aminoglycosides can 
occur?! and can result in further 
corneal destruction secondary to 
delayed or ineffectual therapy. Rous- 
sel et al? reviewed 67 isolates of P 
aeruginosa bacterial keratitis.’* Of 
these isolates, 59 (88% ) were sensitive 
to gentamicin (MIC <8 ug/mL) and 
60 (89% ) were sensitive to tobramycin 
(MIC <8 ug/mL). Fifty-five of the 67 
isolates were tested against amikacin 
and only 40 (73% ) demonstrated sen- 
sitivity to this agent (MIC <8 ug/ 
mL). All four isolates that demon- 
strated resistance to both gentamicin 
and tobramycin (MIC >16 pg/mL) 
were also resistant to amikacin 
(MIC > 16 g/mL). The present study 
was designed to examine the efficacy 
of ciprofloxacin in the treatment of in 
vitro-demonstrated aminoglycoside- 
resistant P aeruginosa keratitis. Fur- 
ther studies comparing the activity of 
ciprofloxacin with that of aminoglyco- 
side antibiotics against aminoglyco- 


Table 2.—Control vs Ciprofloxacin- 
Treated Rabbit Corneas 


Rabbit No. of 
No. Eye Organisms/mL 


Control 




















1 3 4.5 X 107 
1 L 1.6 X 108 
2 R 6.0 X 107 
2 L 7.5 X 107 
3 R 1.6 X 108 
3 L 8.3 X 108 






Ciprofloxacin- 
treated 






side-sensitive organisms are indi- 
cated. 

Sugar et al** studied enoxacin, a less 
potent quinolone antibiotic than 
ciprofloxacin, in a similar experimen- 
tal model of P aeruginosa keratitis in 
rabbits. Bacteria’ counts were reduced 
approximately 5000-fold by enoxacin 
treatment compared with placebo- 
treated controls. Penetration data 
showed that concentrations of the 
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quinolone antibiotic in the cornea and 
aqueous humor reached levels above 
the MIC when an epithelial defect was 
present. 

Darrell et al% studied norfloxacin, 
another member of the fluoroquino- 
lone family, and silver norfloxacin in 
the treatment of P aeruginosa corneal 
ulcers in rabbits. Silver norfloxacin 
and norfloxacin were found to be 
effective against P aeruginosa in both 
in vitro and in vivo studies compared 
with tobramycin. Rosoxacin, another 
synthetic quinolone antibiotic, was 
found to penetrate into the anterior 
segment of rabbit eyes to achieve 
therapeutic levels after topical and 
subconjunctival injection.” Subcon- 
junctival administration of rosoxacin 
also resulted in high levels in the 
retina and choroid, whereas only low 
levels were detected after parenteral 
administration. 

Aldridge” compiled the MICs for 
ciprofloxacin and other broad-spec- 
trum antibiotics against many strains 
of common bacterial species from se- 
lected published studies. The MIC,, for 
ciprofloxacin against P aeruginosa 
was found to average 0.25 yug/mL. 
Kropp et al” compiled the MIC» data 
for imipenem against 31704 isolates 
from 168 bacterial species and com- 
pared this with a survey of published 
studies of in vitro susceptibility of 
newer -lactam agents, including cef- 
tazidime. The MIC,, of imipenem 
against P aeruginosa averaged 4.9 ug/ 
mL and for ceftazidime it was 11.6 
ug/mL. Ciprofloxacin has a relatively 
low MIC,, for P aeruginosa compared 
with either ceftazidime or imipenem. 
More exact comparisons of MIC data 
must come from further studies chal- 
lenging these broad-spectrum agents 
against one another using identical 
strains of bacteria and methodology. 

Our penetration data show that top- 
ical ciprofloxacin does achieve concen- 
trations in the aqueous humor above 
the MIC» for common ocular patho- 
gens both with intact and debrided 
corneal epithelium. As expected, 
aqueous ciprofloxacin concentrations 
were higher with débrided epithelium, 
a condition more analogous to that 
present in bacterial keratitis. The 
apparent elimination half-life of one 
to two hours for ciprofloxacin in aque- 
ous humor, compared with three to 
four hours reported in serum,” is 
likely related to aqueous flow dynam- 
ics. 

The experimental model of keratitis 
demonstrates the efficacy of cipro- 
floxacin in reducing aminoglycoside- 
resistant Pseudomonas colony counts 
in comparison with untreated con- 
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trols. Pilot studies performed while 
creating the experimental model that 
allowed different incubation times 
after inoculation but before therapy 
emphasized the clinically recognized 
importance of early administration of 
antibiotic therapy for maximal effica- 
cy. Quinolone antibiotics are at their 
optimal effectiveness in the early 
stages of infection, when bacterial 
rates of multiplication (and DNA syn- 
thesis) are maximal, since these anti- 
biotics inhibit DNA replication. Fur- 
ther longitudinal studies testing the 
efficacy of ciprofloxacin in more well 
established corneal infections are 
indicated. 

The stability of ciprofloxacin in 
aqueous solutions coupled with its 
broad spectrum of antimicrobial 
activity, including effectiveness 
against both gram-negative and 
gram-positive bacteria, make this 
agent somewhat more attractive than 
less potent, unstable agents currently 
employed in conventional first-line 
topical therapy of severe keratitis. 

While no adverse effects were 
observed secondary to topical cipro- 
floxacin during this study, clearly 
there is a need for further investiga- 
tion of potential toxicities. 

There has been a steady increase in 
the development of new antibiotics 
with seemingly ever-broader spectra 
of activity that are available to the 
general medical and surgical commu- 
nities. Yet there remain relatively few 
commercially prepared topical antibi- 
otic formulations for use by the oph- 
thalmologist in the treatment of 
severe ocular infections. Ciprofloxacin 
is a highly potent antibiotic with dem- 
onstrated effectiveness in an experi- 
mental model of P aeruginosa kerati- 
tis. With the high frequency and 
severity of Pseudomonas keratitis, 
human therapeutic trials with topical 
ciprofloxacin may be warranted to 
expand the ophthalmology spectrum. 


The authors have no proprietary interest in 
ciprofloxacin. 
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Onchocerea volvulus Antigens 


Micheela Y. Gallin, MD; David Murray; Jonathan H. Lass, MD; Hans E. Grossniklaus, MD; Bruce M. Greene, MD 


@ To elucidate the pathogenic mecha- 
nisms invelved in onchocercal sclerosing 
keratitis in humans, we developed a mod- 
el of Onchocerca!l interstitial keratitis in 
guinea pigs. Onmchocerca volvulus anti- 
gens mjectec intrastromally into corneas 
of primmursized Hartley guinea pigs 
induced an intense stromal keratitis with 
corneal edema, neovascularization, and 
infiltration with acute and chronic inflam- 
matory cells. This reaction subsided after 
two weeks. Repeated intrastromal injec- 
tion resulted in an exacerbation of the 
keratiiis and ultimately in residual scar- 
ring. ~hese findings are consistent clini- 
cally and hestopathologically with the 
chronic interstitial keratitis observed in 
humarms. To ĉefine which antigens induce 
the cerneal reaction, O volvulus antigens 
were separated by molecular sieve chro- 
matography and injected intrastromally. 
The hghest activity was shown to reside 
in the fraction eontaining molecules of 
intermediate nolecular weight. This mod- 
el wil be useful in defining O volvulus 
antigens and their role in sclerosing kera- 
titis ae well as in elucidating the immune 


mechanisms involved. 
(Arco Ophthaimol 1988;106:1447- 
1452) 


()2@oaanmsis is a leading cause of 
blindness in humans. It is esti- 
mateč that 18 million people world- 
wide are infected with the causative 
agent Onchocerca volvulus, thus rep- 
resenting a serious public health 
problem.' In the savanna areas of 
Africa, blindness is common and is 
usually due to sclerosing keratitis.! 
This somplieation is associated with 
the presence of microfilariae in the 
cornea and leads to formation of a 
pannus censisting ef chronic inflam- 
matory cells and fibrovascular tis- 
sue.” 
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Experimental studies of onchocer- 
cal sclerosing keratitis have been 
complicated by the lack of a suitable 
animal model. However, useful infor- 
mation about mechanisms involved in 
ocular lesions has been obtained from 
experiments in which microfilariae of 
O volvulus and other related species 
were injected into laboratory animals. 
Duke and colleagues*’ have shown 
that punctate opacities and stromal 
keratitis can be elicited in the rabbit 
cornea by subcenjunctival injection of 
O volvulus microfilariae. Donnelly 
and coworkers’ injected Onchocerca 
lienalis microfilariae intrastromally 
into the corneas of guinea pigs; this 
resulted in punctate opacities and 
neovascularization that resembled 
findings in humans. However, al- 
though punctate opacities can be eli- 
cited, chronic changes resembling 
sclerosing keratitis in humans have 
not been clearly reproduced.*** Fur- 
thermore, whereas O volvulus 
microfilariae are difficult to obtain in 
the quantities needed to define the 
role of specific antigens in pathology, 
it is essential to develop a model in 
which it is possible to examine specif- 
ic antigens of O volvulus and their 
involvement in the pathogenesis of 
the ocular disease. 

The present study was undertaken 
to develop a model for the chronic 
interstitial keratitis seen in human 
onchocerciasis in which effects of 
O volvulus antigens as well as immu- 
nopathologic mechanisms could be 
studied. Hartley guinea pigs were 
injected intrastromally with O volvu- 
lus antigens and the ocular inflamma- 
tory reaction was followed up by slit- 
lamp biomicroscopy and histologic 
examination. 


MATERIALS AND METHODS 
Antigens 


Onchocercomata were surgically re- 
moved from infected individuals in a rain 
forest region of Liberia, West Africa, and 
snap frozen in liquid nitrogen. For one 
antigen preparation (Ovag), nodules were 
minced on dry ice, suspended in 0.9% 
saline solution, and homogenized on ice in 
a glass-glass Ten Broeck tissue grinder for 
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30 minutes. The hemogenate was ultracen- 
trifuged (36 000 g)in a Beckman 50Ti rotor 
(Beckman Instruments, Fullerton, Calif) at 
4°C for 90 minutes. The supernatant was 
collected and stored at —70°C. A second 
antigen preparatien (OvCag) was obtained 
from worms isolated by digestion of fresh 
nodules in 0.4% collagenase (Boehringer- 
Mannheim Biochemical, Indianapolis) for 
eight hours at 37°C. The worms were 
repeatedly washed in 0.9%N saline solu- 
tion to remove any remaining human tis- 
sue, snap frozen in liquid nitrogen, homog- 
enized and ultracentrifuged as above, and 
then the supernatant was stored at —70°C. 
For some experiments Ovag was separated 
over a Bio-Gel A5M column (Bio Rad, 
Richmond, Calif). Three major fractions, 
designated F I, F II, and F III, were 
collected and recoacentrated to the origi- 
nal volume. Protein concentrations of the 
antigen preparations’ were as follows: 
Ovag and OvCag, 18 mg/mL; F I, below 
detectable levels; F II, 4.0 mg/mL; and F 
III, 2.0 mg/mL. Before injection each anti- 
gen was sterilized by passage through a 
0.2-um filter (Gelman, Ann Arbor, Mich). 
A control antigen preparation was 
obtained by solubilizing bovine serum 
albumin (BSA) (Sigma Chemical Co, St 
Louis) at a concentration of 18 mg/mL in 
0.9% saline soluticn. 


Presensitization of Animals 


Adult Hartley female guinea pigs (Hill- 
top Lab Animals, Scottdale, Pa) were given 
abdominal subcutaneous injections of 0.5 
mL of Freund’s complete adjuvant (FCA) 
(GIBCO, Grand Island, NY) emulsified 
with 0.5 mL of Ovag or BSA. The antigens 
were used at a protein concentration of 10 
mg/mL. Control animals were not presen- 
sitized. 


Intrastromal Injection 


Animals were injected intrastromally 
with antigen in one eye and saline solution 
as a control in the contralateral eye. In 
presensitized guinea pigs this was per- 
formed three weeks after subcutaneous 
injection. Animals were anesthetized with 
17 mg/kg of subcutaneous ketamine hydro- 
chloride (Bristol Laboratories, Syracuse, 
NY) and 0.3 mg/kg of subeutaneous xyla- 
zine (Miles Laboratories, Inc, Shawnee, 
Kan) and 0.5% proparacaine hydrochloride 
drops (Alcon Inc, Humacao, Puerto Rico) 
were also topically applied to the eyes. 
Antigen with a total volume of approxi- 
mately 25 uL was injected intrastromally 
using a disposable 30-gauge needle 
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Summary of Experiments * 


Intrastromal 
Injection/Antigent 
auala“ 


No. of Animals Presensitization/ Antigen 21d 42 d 















2 : is 






Ovag + FCA Ovag: F Ill 
3 Ovag + FCA BSA 
3 BSA + FCA BSA 


*Ovag indicates Onchocerca volvulus antigen; OvCag, O volvulus antigen from isolated worms; FCA, 
Freund's complete adjuvant; and BSA, bovine serum albumin. 

tintrastromal injection 21 days after presensitization; second intrastromal injection 42 days after 
presensitization. See “Materials and Methods’’ section for an explanation of F |, F Il, and F ill. 





Fig 1.—Eye of presensitized guinea pig injected with Onchocerca volvulus antigen (A through E) 
or saline solution (F). Corneal infiltration present on days 1 (A), 4 (B), 8 (C), 11 (D), and 18 (E) 
after injection. Neovascularization is apparent on day 8 persisting through day 18. Contralateral 
eye receiving saline solution (F) appeared normal on day 1. 


attached to a 1-mL tuberculin syringe. A Slit-Lamp Biomicroscopy and 
summary of the experimental protocols is Photography 

given in the Table. A second intrastromal 

injection was given to six presensitized The animals were examined daily by 
animals three weeks after the first intra- slit-lamp biomicroscopy for three weeks. 
stromal challenge. Animals receiving a second intrastromal 
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injection were followed up for an addition- 
al five weeks. Stromal disease and the 
degree of neovascularization were mea- 
sured using a previously described classifi- 
cation. Photographs were taken using a 
Zeiss biomicroscope equipped with a 35- 
mm camera at a magnification of X10 and 
X16 with color transparency film. 


Histologic Examination 


Eyes were enucleated on days 7, 14, 21, 
and 35, and fixed in 10% buffered formal- 
dehyde acetate solution. Tissue sections 
were stained with hematoxylin-eosin. 


RESULTS 
Corneal Reactions to O vo/vulus 
Antigens 


Guinea pigs given only an intrastro- 
mal injection of Ovag showed a mini- 
mal stromal infiltrate (1+) on day 1 
that resolved completely by day 8. 
Neovascularization was not present 
with the exception of a few vessels 
occurring in one quadrant on day 15 in 
one animal. Histologic examination 
on day 8 showed mild corneal edema 
and rare mononuclear inflammatory 
cells. 

In contrast, animals that had been 
presensitized before  intrastromal 
challenge with Ovag or OvCag showed 
a 3+ reaction with stromal edema 
beginning one day after injection (Fig 
1, A). This reaction progressively 
worsened to a 4+ response over the 
following days (Fig 1, B), reached its 
maximum on days 11 to 14 (Fig 1, C), 
and receded slowly thereafter. By day 
22 the stromal reaction had dimin- 
ished (1+, Fig 1, E). Neovasculariza- 
tion became visible at the periphery 
on days 6 to 8 (Fig 1, C) and pro- 
gressed in a circumferential band 
inward. By day 18 neovascularization 
was observed in the entire cornea and 
persisted for the period of observation 
(Fig 1, E). 

A representative course of the stro- 
mal disease and the neovasculariza- 
tion observed in animals in the exper- 
imental groups is shown in Figs 2 
and 3. 

Histologic examination of eyes on 
day 2 showed moderate corneal edema 
and an inflammatory cell infiltrate 
composed of polymorphonuclear cells. 
The ciliary body and iris contained an 
infiltrate of mainly polymorphonucle- 
ar cells and increased numbers of 
eosinophils. Moderate neovasculariza- 
tion of the corneal stroma was also 
present. On day 14 severe corneal ede- 
ma was present and the inflammatory 
cell infiltrate consisted of both poly- 
morphonuclear and mononuclear cells 
(Fig 4, A) that was most intense in 
the central cornea and at the limbus. 
The ciliary body and the iris contained 
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Fig 2.— Stromal disease score from animals representative of experimental groups. Presensi- 
tized animals were intrastromally injected with isolated Onchocerca volvulus antigen preparation 
(closed circles), homogenized antigen preparation (triangles), or bovine serum albumin 
(squares). Naive animal was intrastromally injected with homogenized antigen preparation (open 


circles). 


Neovascularization Score (Range, 0-3+) 





Days After Challenge 


Fig 3.—Neevascularization score from animals representative of experimental groups. Presen- 
sitized animais were intrastromally injected with isolated Onchocerca volvulus antigen prepara- 
tion (closed circles), homogenized antigen preparation (triangles), or bovine serum albumin 
(squares). Naive animal was intrastromally injected with homogenizec antigen preparation (open 


circles). 


inflammatory cell infiltrates, particu- 
larly plasma cells and eosinophils. 
Moderate neovascularization was 
present threughout the entire cornea 


(Fig 4, A). 
Repeated intrastromal injection of Ovag 


Six animals received a second intra- 
stromal injection of Ovag three weeks 
after the first stromal injection. An 
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intense stromal infiltrate (4+) oc- 
curred 24 hours after challenge (Fig 5, 
A). This condition persisted un- 
changed for two weeks and the reac- 
tion diminished slowly thereafter. 
Three weeks after a second challenge 
a 1+ to 2+ reaetion persisted (Fig 5, 
B). The onset of neovascularization 
was more rapid and intense than after 
the first challenge, with immediate 
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Fig 4.—Corneal reaction in a presensitized 
guinea pig injectec intrastromally with (A) 
Onchocerca volvulus antigen on day 14; (B) 
Onchocerca volvulus antigen on day 25 after 
second challenge; and (©) saline solution on 
day 14. Acute and chronic inflammatory cells 
are present in A anc disarrangement of colla- 
gen bundles is visible in B (hematoxylin-eosin, 
original magnification X40). 


extension of vessels to the central 
cornea. 

Histologic examimation 21 days 
after the second challenge showed 
irregular lamellar architecture of col- 
lagen bundles, mneovascularization 
throughout the entire stromal thick- 
ness, and a residual chronic inflam- 
matory cell infiltrate (Fig 4, B). 


Control Experiments 


Intrastromal injection of saline 
solution produced immediate stromal 
edema at the injection site; however, 
by the next day only a slight opacity 
at the injection site was noted and the 
remainder of the stroma was clear 
(Fig 1, F). This opacity had disap- 
peared completely by days 5 through 
7. By histologic examination on days 7 
and 14 these corneas were normal (Fig 
4, C). 

Animals presensitized with Ovag 


1449 








Fig 5.—Guinea pig cornea after second intrastromal injection of Onchocerca volvulus antigen. 
Severe stromal infiltration and neovascularization is present on day 1 (A). By day 25 mild infiltrate 


remains with decreased neovascularization (B). 


and injected intrastromally with BSA 
showed a 1+ to 2+ minimal corneal 
infiltate on day 7 that resolved com- 
pletely by day 8. Histologic examina- 
tion on day 8 showed mild corneal 
edema and no inflammatory cell infil- 
trate. 

The corneal reaction to Ovag in 
animals presensitized with Ovag 
without FCA showed a pattern simi- 
lar to that seen in animals that 
received both Ovag and FCA but it 
was less intense, with responses in the 
range of 2+ to 3+, as opposed to 4+. 

Animals presensitized with BSA 
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and subsequently injected intrastro- 
mally with BSA at the identical total 
protein content used with onchocercal 
antigen showed a 1+ reaction on day 3 
that peaked to 2+ on day 8 and mild 
neovascularization (1 to 2) on days 6 
to 8. Both infiltration (Fig 2) and 
neovascularization (Fig 3) had re- 
solved completely after two weeks. 


Fractionation of Ovag 


The crude antigen extract (Ovag) 
was fractionated by molecular sieve 
chromatography using a Bio-Gel A5M 
column. Three major fractions were 


obtained (Fig 6) and were reconcen- 
trated to the original volume. Three 
groups of presensitized animals 
received intrastromal injections of 
one of the three fractions. An initial 
clouding of the cornea was seen in all 
animals on day 1. This reaction disap- 
peared in the recipients of F I and F 
III by day 4 (Fig 7, top and bottom), 
while only recipients of F II showed a 
persistent reaction (4+, Fig 7, B). His- 
tologic examination of all groups was 
done on day 7. In recipients of F I a 
mild cellular infiltrate with acute and 
chronic inflammatory cells, mainly at 
the limbus, and mild neovasculariza- 
tion at the limbus were observed. Cor- 
neas of animals injected with F II 
contained an inflammatory infiltrate 
of mononuclear cells throughout the 
entire stromal thickness and marked 
inflammation in the ciliary body with 
plasma cell infiltrates. Plasma cells 
were also present in the iris. Marked 
neovascularization was observed 
throughout the entire corneal stroma. 
Corneas of recipients of F III con- 
tained a mild infiltrate of chronic 
inflammatory cells. Eosinophils were 
present in the ciliary body and there 
was mild neovascularization at the 
limbus. 


COMMENT 


Ocular changes observed in humans 
with onchocerciasis are associated 
with the invasion of microfilariae into 
the eye and include punctate opacities, 
sclerosing keratitis, anterior uveitis, 
chorioretinitis, and optic atrophy.’ 
Major corneal complications consist 
of punctate keratitis, which is an 
inflammatory reaction appearing 
around dead microfilariae in the cor- 
nea, and sclerosing keratitis, which 
involves fibrosis and vascularization 
of the corneal stroma. However, punc- 
tate opacities seem to resolve com- 
pletely, whereas sclerosing keratitis 
represents an irreversible change that 
develops over a relatively long period 
of time.’ In the present study the 
inflammatory reaction to Ovag in the 
guinea pig corneas resembles human 
onchocercal interstitial sclerosing ker- 
atitis both clinically and histological- 
ly. Stromal edema and infiltration of 
the cornea with chronic inflammatory 
cells and neovascularization as seen 
after the injection of Ovag are consis- 
tent with the findings in humans who 
have advanced corneal disease.” 
Repeated administration of antigen 
into the cornea resulted in scarring 
with irregular arrangement of col- 
lagen bundles, as described in oncho- 
cercal sclerosing keratitis in humans.” 
Moreover, whereas the composition of 


Onchocerca volvulus Antigens—Gallin et al 


PP Cae a a Se ee aT 


a —— 
DOP Ae Oe ee a i a E 
: ; r 4 SA > 45% > 28 y 

Q bd - 





mea ~ j wir = = 
A he fe r; 
~ a 


25 X 10° 
v 


OD 946 





Fraction 


Fig 6.—Bic-Gel ASM separation profile of Onchocerca volvulus antigen showing two major 
absorbance peaks. Molecular weight markers indicate approximate molecular weights in vicinity 
of peaks. Three fractions (I, Il, and Ill) were collected (see ‘‘Materiels and Methods” section). 
OD... indicates optical density at wavelength of 280 nm. 


the cellular infiltrate initially con- 
sisted of mostly neutrophils, eosino- 
phils, and macrophages, lymphocytes 
later became the predominant cells 
present. The composition of the cellu- 
lar infiltrate thus resembles scleros- 
ing keratitis in humans." In contrast 
to our findings, the predominant find- 
ings in previous:models were punctate 
opacities, and chronic interstitial ker- 
atitis was not clearly observed.*** 

In humans it is net understood how 
the transient lesions such as punctate 
opacities may be related to the persis- 
tent changes of sclerosing keratitis. It 
has been suggested that the accumu- 
lation of many individual punctate 
opacities may result in sclerosing ker- 
atitis."° To understand the develop- 
ment of corneal disease it is necessary 
to study the mechanisms of both the 
acute and chronic reactions. Our mod- 
el represents a useful tool for examin- 
ing the chronic interstitial keratitis 
due to O veivulus. 

The development of interstitial ker- 
atitis after intrastomal injection of 
Ovag in sensitized guinea pigs, but not 
in unsensitized animals, strongly sug- 
gests that the development of oncho- 
cercal ocular lesions is an immune- 
mediated process. This is further sup- 
ported by the finding that animals 
that received a second intrastromal 
injection showed a more rapid and 
intense inflammatory reaction than 
they did after the first challenge. The 
second challenge also resulted in per- 
manent changes, ie, scarring. Howev- 
er, the precise immune mechanisms 
that may be responsible for the 
observed reactien remain unclear at 
present. 

Previous;work has indicated that an 
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immune-mediated process may be 
involved in the ocular reaction to 
onchocercal infection. As noted above, 
injection of O volvulus microfilariae 
into the subconjunctiva of rabbits 
resulted in the formation of punctate 
opacities*> and sensitized rabbits 
developed a more intense and rapid 
inflammatory reaction to corneal 
microfilariae than did nonsensitized 
animals. Similar findings were also 
reported by Donnelly and coworkers‘ 
using O lienalis microfilariae in guin- 
ea pigs. Furthermore, these authors 
have shown that splenic lymphoid 
cells transferred from sensitized to 
naive animals were able to mediate 
the acute inflammatory reaction.‘ 
Transfer of lymphoid cells, their 
subsets, or serum may give insight 
into major mechanisms involved. 
Recently, monoclonal antibodies to 
lymphocyte subsets were used in vivo 
in animal models of experimental 
allergic encephalomyelitis”’ and schis- 
tosomiasis'* to examine mechanisms 
involved in the course and immunopa- 
thology of these diseases. Moreover, T 
lymphocytes are present in normal 
human corneas’? and alterations in 
their composition may play a role in 
chronic inflammatory processes such 
as herpetic stromal keratitis.”° Acti- 
vated lymphoid cells have been shown 
to induce various reactions such as 
fibroblast proliferation,” collagen 
synthesis,” and neovascularization,” 
all of which may participate in the 
development of sclerosing keratitis. 
Parasite antigens may also play an 
important direct role in the develop- 
ment of onchocercal ocular disease. To 
date, little has been published about 
the effects of O volvulus antigens on 
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Fig 7.—Corneal reaction in presensitized 
guinea pigs four days after intrastromal injec- 
tion of fractions |, Il, and Ill (see ‘‘Materials and 
Methods” section) of Onehocerca volvulus 
antigen. Stromal infiltrate was present only in 
recipients of fraction Il. 


the eye per se In other systems 
O volvulus antigens have been shown 
to suppress proliferation of normal 
human lymphocytes in vitro.” Chronic 
infection in humans is also associated 
with decreased cell-mediated immune 
responses to O volwulus antigens in 
vitro.” Studies of O volvulus antigens 
on the cornea have been hampered by 
the difficulty in obtaining large num- 
bers of O volvulus microfilariae, as 
has been required in previous mod- 
els,“ and has lec to the development 
of experimental models using related 
Onchocerca species, particularly 
O lienalis: The present model 
enables the study of O volvulus anti- 
gens in the cornea. Our results showed 
that O volvulus antigens are potent 
inducers of keratitis and, with compa- 
rable amounts cf protein, are more. 
effective in eliciting severe interstitial 
keratitis than was BSA. Whether 
individual components of O volvulus 
antigens administered in a purified 
state may be even more active in this 
regard will be the subject of further 
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investigation. Defined antigens of O 
volvulus may have distinctive func- 
tional properties, as has been shown 
for antigens of Brugia malayi, a re- 
lated filarial parasite.* In those 
experiments antigens were separated 
chromatographically and individual 
fractions were shown to have distinct 
stimulating or suppressive effects on 
lymphocytes and antibody production 
in vitro.** Our results also indicate 
that various O volvulus antigen frac- 
tions may have different activities 
when injected into the cornea. Fur- 
ther studies using this approach may 
prove useful in identifying antigens 
relevant to onchocercal keratitis. 

The presence of such antigens may 
also depend on the geographic origin 
of the parasite. It is well known that 
sclerosing keratitis and resulting 
blindness are more frequent in the 
savanna areas of West Africa than in 
the rain forest areas.” Experimen- 
tally, microfilariae from the savanna 
area of Cameroon produced corneal 
lesions with greater frequency as well 
as greater severity than microfilariae 
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from the forest area.’ Recently, Ertt- 
mann et al” demonstrated genetic dif- 
ferences between isolates of O volvu- 
lus of different geographic origin, sug- 
gesting the existence of strains of 
O volvulus that in turn may demon- 
strate antigenic differences. This may 
be of importance in the development 
of sclerosing keratitis. In experimen- 
tal models of onchocercal keratitis 
further investigations in this regard 
will require the use of O volvulus 
antigens from different areas and 
cannot be resolved by using more 
readily obtainable onchocercal species 
from domestic animals. 

Animal models have been developed 
for various ocular inflammatory dis- 
eases of humans such as herpetic ker- 
atitis®™ and trachoma.” In addition, 
various agents such as BSA have been 
shown to induce keratitis in sensitized 
laboratory animals.**** The morpho- 
logic characteristics of the corneal 
changes caused by various agents are 
often similar or show overlapping 
characteristics. However, whereas 
antigens like BSA are useful in study- 
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have been demonstrated in most ocu- 
lar tissues including the cornea.’ Ocu- 
lar disease is the major complication 
of the infection. Thus, in contrast to 
other experimental systems used to 
study the corneal immune response, 
this model is relevant to actual blind- 
ing human disease. Understanding of 
the effects of defined parasite anti- 
gens as well as the host’s immune 
reaction may be of central importance 
in the control of blindness due to 
onchocerciasis in humans and is 
essential in the effort toward vaccine 
development using defined cloned 
antigens.” 
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DESCRIPTION: Pred-G Liquifilm sterile ophthalmic 
suspension is a topical anti-inflammatory /anti-infective 
combination product for ophthalmic use. 


Chemical Names: Prednisolone acetate: 118,17,21- 
Trihydroxypregna-1,4-diene-3,20- dione 21-acetate. 


Gentamicin sulfate is the sulfate salt of gentamicin C}, 
gentamicin C2, and gentamicin Cıa which are pro- 
duced by the growth of Micromonospora purpurea. 


Contains: prednisolone acetate (microfine suspension) 
10%, gentamicin sulfate equivalent to 0.3 % gentamicin 
base with: Liquifilm® (polyvinyl alcohol) 1.4%; ben- 
zalkonium chloride 0.005%; edetate disodium; 
hydroxypropyl methylcellulose; polysorbate 80; 
sodium citrate, dihydrate; sodium chloride; sodium 
hydroxide and/or hydrochloric acid to adjust the pH; 
and purified water. 


CLINICAL PHARMACOLOGY: Corticosteroids 
suppress the inflammatory response to a variety of 
agents and they probably delay or slow healing. Since 
corticosteroids may inhibit the body’s defense 
mechanism against infection, a concomitant anti- 
microbial drug may be used when this inhibition is con- 
sidered to be clinically significant in a particular case. 


The anti-infective component in Pred-G is included 
to provide action against specific organisms susceptible 
to it. Gentamicin sulfate is active in vitro against sus- 
ceptible strains of the following microorganisms: 
Staphylococcus aureus, Group A beta-hemolytic and 
non-hemolytic streptococci, Streptococcus 
pneumoniae, Escherichia coli, Hemophilus 
influenzae, Klebsiella/Enterobacter species, 
Neisseria species, Pseudomonas aeruginosa, Serratia 
marcescens. 


When a decision to administer both a corticosteroid 
and an antimicrobial is made, the administration of 
such drugs in combination has the advantage of greater 
patient compliance and convenience, with the added 
assurance that the appropriate dosage of both drugs 
is administered. When both types of drugs are in the 
same formulation, compatibility of ingredients is 
assured and the correct volume of drug is delivered 
and retained. 


The relative potency of corticosteroids depends on the 
molecular structure, concentration, and release from 
the vehicle. 


INDICATIONS AND USAGE: Pred-G suspension 
is indicated for steroid-responsive inflammatory ocular 
conditions for which a corticosteroid is indicated and 
where superficial bacterial ocular infection or a risk 
of bacterial ocular infection exists. 


Ocular steroids are indicated in inflammatory con- 
ditions of the palpebral and bulbar conjunctiva, cornea, 
and anterior segment of the globe where the inherent 


risk of steroid use in certain infective conjunctivitides 
is accepted to obtain a diminution in edema and inflam- 
mation. They are also indicated in chronic anterior 
uveitis and corneal injury from chemical, radiation, 
or thermal burns or penetration of foreign bodies. 


The use of a combination drug with an anti-infective 
component is indicated where the risk of superficial 
ocular infection is high or where there is an expecta- 
tion that potentially dangerous numbers of bacteria will 
be present in the eye. 


The particular anti-infective drug in this product is 
active against the following common bacterial eye 
pathogens: Staphylococcus aureus, Group A beta- 
hemolytic and non-hemolytic streptococci, 
Streptococcus pneumoniae, Escherichia coli, 
Hemophilus influenzae, Klebsiella/Enterobacter 
species, Neisseria species, Pseudomonas aeruginosa, 
and Serratia marcescens. 


CONTRAINDICATIONS: Epithelial herpes simplex 
keratitis (dendritic keratitis), vaccinia, varicella, and 
many other viral diseases of the cornea and conjunc- 
tiva. Mycobacterial infection of the eye. Fungal dis- 
eases of the ocular structures. Hypersensitivity to a 
component of the medication. (Hypersensitivity to the 
antibiotic component occurs at a higher rate than for 
other components. ) 


Pred-G suspension is always contraindicated after 
uncomplicated removal of a corneal foreign body. 


WARNINGS: Prolonged use may result in glaucoma, 
with damage to the optic nerve, defects in visual acuity 
and fields of vision, and in posterior subcapsular 
cataract formation. Prolonged use may suppress the 
host response and thus increase the hazard of secon- 
dary ocular infections. In those diseases causing thin- 
ning of the cornea or sclera, perforations have been 
known to occur with the use of topical steroids. In acute 
purulent conditions of the eye, steroids may mask infec- 
tion or enhance existing infection. If these products 
are used for 10 days or longer, intraocular pressure 
should be routinely monitored even though it may be 
difficult in children and uncooperative patients. 


Employment of a steroid medication in the treatment 
of patients with a history of herpes simplex requires 
great caution. Pred-G is contraindicated in patients with 
active herpes simplex keratitis. 


Pred-G Liquifilm sterile ophthalmic suspension is not 
for injection. It should never be injected subconjunc- 
tivally, nor should it be directly introduced into the 
anterior chamber of the eye. 

PRECAUTIONS: The initial prescription and renewal 
of the medication order beyond 20 milliliters should 
be made by a physician only after examination of the 
patient with the aid of magnification, such as slit lamp 


biomicroscopy and, where appropriate, fluorescein 
staining. 

The possibility of fungal infections of the cornea should 
be considered after prolonged steroid dosing. 


ADVERSE REACTIONS: Adverse reactions have 
occurred with steroid/anti-infective combination drugs 
which can be attributed to the steroid component, the 
anti-infective component, or the combination. Exact 
incidence figures are not available since no denominator 
of treated patients is available. 


Reactions occurring most often from the presence of 
the anti-infective ingredient are allergic sensitizations. 
The reactions due to the steroid component in 
decreasing order of frequency are: elevation of intra- 
ocular pressure (IOP) with possible development of 
glaucoma, and infrequent optic nerve damage; 
posterior subcapsular cataract formation; and delayed 
wound healing. 


Secondary Infection: The development of secondary 
infection has occurred after use of combinations con- 
taining steroids and antimicrobials. Fungal infections 
of the cornea are particularly prone to develop coin- 
cidentally with long-term applications of steroid. The 
possibility of fungal invasion must be considered in 
any persistent corneal ulceration where steroid treat- 
ment has been used. 


Secondary bacterial ocular infection following sup- 
pression of host responses also occurs. 


DOSAGE AND ADMINISTRATION: Instill one 
drop into the conjunctival sac two to four times daily. 
During the initial 24 to 48 hours, the dosing frequency 
may be increased if necessary. Care should be taken 
not to discontinue therapy prematurely. 


Not more than 20 milliliters should be prescribed 
initially and the prescription should not be refilled 
without further evaluation as outlined in 
PRECAUTIONS above. 


HOW SUPPLIED: Pred-G™ (prednisolone acetate 
10%, gentamicin sulfate—0.3% base) Liquifilm® 
sterile ophthalmic suspension is supplied in plastic 
dropper bottles in the following sizes: 5 mL—NDC 
0023-0106-05; 10 mL—NDC 0023-0106-10 


Note: Store at room temperature. Avoid excessive heat, 


40°C (104°F) and above. Protect from freezing. Shake . 


well before using. 


Caution: Federal law prohibits dispensing without 
prescription. 


© ALLERGAN PHARMACEUTICALS 
A Division of Allergan, Inc. 
Irvine, CA 92713 ©1988 
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Photo Essay 


Edited by Malcom N. Luxenberg, MD 


Solitary Conjunctival Hemangioma 
Presenting as a Chocolate Cyst 





58-year-old female patient presented 

with left periorbital pain, which 
developed after mild orbital trauma. The 
examination of both eyes revealed no 
abnormality except for a slight anterior 
displacement of the left lower eyelid. Fol- 
lowing eversion, a mobile, 2 X 3.5-mm 
“chocolate cyst” connected to a short 
stump was noted in the center of the lower 
fornix (Fig 1). The rest of the palpebral 
and bulbar conjunctiva was completely 
normal. The whole cyst was excised after 
suturing ef its stump. The histological 
examination revealed a conjunctival capil- 
lary hemangioma, which consisted of 
numerous mature capillaries, several feed- 
er vessels, massive hemorrhage, and acute 
inflammatory reaction (Fig 2). No vascular 
anomalies were found elsewhere on the 
patients bedy er in her retinas and 
orbits. 


COMMENT 


Hemangiomas of the bulbar and 
palpebral conjunctiva are relatively 
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Fig 1.—Lower eyelid is displaced forward by ‘‘chocolate cyst.” 








Fig 2.—Conjunctival capillary hemangioma associated with acute 


inflammation and hemorrhage (hematoxylin-eosin, origina! magnifica- 


tion X250). 


rare tumors.'? Frequently, they 
remain asymptomatic for a long time 
and exhibit a benign clinical behavior. 
Mild trauma may induce rupture of 
one of the thin-walled capillaries of 
these hemangiomas, resulting in a 
sudden hemorrhage.* When a massive 
hemorrhage accumulates between the 
vascular spaces, it may cause the 
appearance of a chocolate cyst. The 
main differential diagnosis of a con- 
junctival capillary hemangioma asso- 
ciated with aeute inflammation is 
granuloma pyogenicum.' The latter 
lesion consists of young capillaries 
and granulation tissue associated 
with an inflammatory cell infiltra- 
tion. The tumor described herein con- 
sisted of numerous mature-looking 
capillaries and a few large feeder ves- 
sels not associated with granulation 
tissue, and it was therefore diagnosed 
as a capillary hemangioma. It is 


impossible to be sure whether this 
hemangioma was primarily peduncu- 
lated or became so after acute intrale- 
sional hemorrhage. 
Nino: LOYA, MD 
ISRAEL KREMER, MD 
Mop? GOLDENFELD, MD 
EDUARDO SWETLIZA 
Petah Tikva, Israel 
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Surgical Techniques 


Optic Nerve Sheath Fenestration in Pseudotumor Cerebri 


A Lateral Orbitotomy Approach 


David T. Tse, MD; Jeffrey A. Nerad, MD; Richard L. Anderson, MD; James J. Corbett, MD 


è In patients with pseudotumor cerebri 
accompanied by loss of vision, optic 
nerve sheath fenestration is an effective 
route to prompt recovery of vision. A 
lateral orbitotomy approach to decom- 
pression of the optic nerve is appropriate 
for the ophthalmologist with adequate 
orbital experience. A rectangular window 
of dura and arachnoid, measuring approx- 
imately 3 X 5 mm, is excised from the 
bulbous portion of the optic nerve. It is 
important that the arachnoid within the 
window is excised because an intact 
arachnoid is an effective barrier to cere- 
brospinal fluid egress. The use of operat- 
ing microscope, microsurgical instru- 
ment, and microdissecting techniques are 
emphasized. Twenty-eight patients (40 
eyes) with progressive visual loss were 
treated by surgical nerve sheath fenestra- 
tion. A study of the indications, results, 
and complications of this procedure is 
presented in a companion article. 

(Arch Ophthalmol 1988;106:1458- 
1462) 


pae syndrome of pseudotumor cere- 
bri is defined as a condition’ in 
which intracranial pressure is in- 
. creased without evidence of an intra- 
cranial space-occupying lesion or 
enlargement of the ventricles; the 
cerebrospinal fluid (CSF) cytologic 
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features and chemistry are normal 
(except for a low CSF protein level); 
headache, blurring of vision, transient 
visual obscuration, diplopia, and swol- 
len optic discs occur in an otherwise 
healthy person; and there is normal 
mental status. Although pseudotumor 
cerebri occurs in both sexes, from 
childhood to the seventh decade, most 
patients are obese women of child- 
bearing age. 

The major complication of this dis- 
order is visual loss, which occurs in 
10% to 26% of patients and is due to 
damage of nerve fibers at the optic 


See also pp 1365, 1378, 1384, 
1391, and 1463. 





disc caused by papilledema.* Al- 
though idiopathic pseudotumor cere- 
bri is generally self-limited,** it may 
become chronic in some patients.”’ 

Medical therapies, including car- 
bonic anhydrase inhibitors,’ diuret- 
ics,’ corticosteroids,’ glycerol,” and a 
weight-reducing diet,'' have been used 
in an attempt to protect the optic 
nerve from the effects of elevated 
intracranial pressure. The multiple 
treatments are an indication of their 
variable efficacy. If visual loss pro- 
gresses despite optimum medical 
treatment, surgical decompression is 
indicated. Bilateral subtemporal de- 
compression, although effective, is 
rarely performed because of a high 
rate of serious complications.’? Lum- 
bar-peritoneal shunts,’ ventriculo- 
peritoneal shunts,'* and cisternal- 
peritoneal shunts’ have also been 
used, but the risks of infection or 
shunt blockage have limited their 
acceptance. 


Recently, surgical fenestration of 
the perioptic meninges has been redis- 
covered and is an increasingly ac- 
cepted technique to preserve vision in 
patients with papilledema that 
threatens vision.'*?’ 

Optic nerve decompression was 
first described by DeWecker* in 1872. 
He slit the optic nerve sheath and 
scleral ring using a transconjunctival 
route. The efficacy of transorbital 
retrobulbar incision of the optic 
nerve sheath in relieving papilledema 
was also demonstrated by Carter” in 
1887 and by Miiller® in 1916. The 
procedure was thereafter forgotten 
until interest in sheath fenestration 
was revived in 1964 by Hayreh.’* He 
opened a window of dura in the optic 
nerve sheath of monkeys with experi- 
mental papilledema produced by an 
intracranial balloon. Hayreh’s work 
clearly demonstrated that papillede- 
ma due to raised intracranial pressure 
could be relieved by reducing the CSF 
pressure within the subarachnoid 
space of the optic nerve. Subsequent- 
ly, this was clinically confirmed to be 
effective in eliminating papilledema 
and rapidly stabilizing or reversing 
visual loss.” ™} Galbraith and Sulli- 
van” described a method by which the 
optic nerve could be approached along 
the medial side of the globe. Their 
technique involves a fornix-based 
nasal conjunctival flap and detach- 
ment of the medial rectus muscle to 
expose the nerve. Davidson’? ap- 
proached the intraorbital portion of 
the optic nerve via lateral orbitotomy 
but performed only five surgeries and 
commented on the difficulty in gain- 
ing access to the nerve. 

We describe our technique for optic 
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Fig *.—Arachnoid and edge of dura are 
grasped with forceps. 


nerve sheath decompression by a lat- 
eral orbitetomy approach. It differs 
from Davidson's technique by improv- 
ing exposure through use of modified 
instruments for retraction and dissec- 
tion within the orbit as well as use of 
an eperating microscope. Modified 
instruments are also used to facilitate 
a controlled entry through the optic 
nerve sheath. This method has low 
operative morbidity. We believe that 
the lateral orbitotomy approach is 
preferable to the medial approach 
because it allows a more direct visual- 
izatien of the nerve and is a familiar 
procedure to the ophthalmologist 
with experience in orbital surgery. 
Twenty-eight patients (40 eyes) with 
progressive visual loss were treated 
by surgieal nerve sheath fenestration. 
A study of the indications, results, 
and eomplications of this technique is 
presented in a companion article.?! 


SURGICAL TECHNIQUE 


Preoperative evaluation should in- 
clude both neurelogical and ophthal- 
mological examinations to conclusive- 
ly establish the diagnosis and 
document visual loss as the primary 
indication for surgical intervention. 

Preoperative screening for metabol- 
ic er electrolyte abnormalities must 
be performed in patients who have 
been receiving long-term medical 
therapy, especially carbonic anhy- 
drase inhibitors or diuretics. Systemic 
hypertensien may contribute to optic 
dise damage and visual morbidity in 
these patients’ Although systemic 
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Fig 2.—Cerebrospinal fluid escapes once 
arachnoid is incised. 


hypertension should be treated, 
abrupt or drastic reduction of blood 
pressure should be avoided because it 
may result in ischemic damage to the 
optic disc in the presence of marked 
disc edema.?** 

While under general anesthesia, the 
patient is plaeed in a slight reverse 
Trendelenburg position to reduce the 
orbital venous pressure. The anesthe- 
siologist should avoid substantial 
reductions in the patient’s blood pres- 
sure during surgery to maintain per- 
fusion of the optic nerve. 

The lateral orbitotomy is patterned 
after that described by Stallard,” 
with special care taken to preserve the 
periorbita. For this portion of the 
procedure, a fiberoptic headlight and 
magnifying loupes are essential. 

After en bloe removal of the bone of 
the lateral orbital wall, a T-shaped 
periorbital incision is made. The peri- 
muscular fascial sheaths are bluntly 
dissected open with periosteal eleva- 
tors to locate the lateral rectus mus- 
cle. It is preferable to retract the 
lateral rectus muscle inferiorly with a 
malleable retractor rather than dis- 
secting it free from the surrounding 
fat; overmanipulation of the muscle 
may result in transient postoperative 
motility dysfunction. The eyelids are 
then retracted open, and a 4-0 black 
silk traction suture is passed through 
the bulbar conjunctiva under the 
insertion of the lateral rectus muscle. 
The traction suture is anchored with a 
hemostat onto the surgical drape on 
the dorsum of the nose, adducting the 
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Fig 3.—One blade of microscissors is 
inserted into subarachnoid space, and rectan- 
gular window is excised from sheath. 


globe and swinging the optic nerve 
laterally to bring it closer to the oper- 
ative field. This also stabilizes the 
optic nerve, preventing it from moy- 
ing away from the exploring orbital 
retractors. 

Dissection within the central surgi- 
cal space to gain access to the optic 
nerve is performed with orbital and 
neurosurgical brain retractors. Per- 
haps the most cifficult feature of this 
dissection is the tendency of orbital 
fat to obscure normal anatomical 
landmarks. The fat is divided into 
lobules by fine connective-tissue sep- 
tae”; these lobules often billow over 
the edges of the retractors, obscuring 
the plane of dissection. This problem 
can be minimized by using wet, 0.5-in 
(13-mm) neurosurgical cottonoids to 
which the orbital fat will adhere 
slightly, preventing it from billowing 
over the edges. By gradually removing 
and reinserting the orbital retractor 
blades over the cottonoids, the fat can - 
be kept away frem the plane of dissec- _ 
tion. Care should be taken not to 
traumatize the wortex vein that passes 
through the orbital fat. 

Once the retrebulbar portion of the 
optic nerve is exposed, a binocular 
operating microscope (Zeiss, Ober- 
kochen, West Germany) with coaxial 
illumination, meunted on a Contraves 
(Contraves, Zurich) stand, is moved 
into position. This stand provides a 
unique balancing system, allowing 
rapid, stable adjustments for differ- 
ent viewing angies during surgery. By 
choosing an objective lens between 
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Color Fig 1.—Left, Dura on bulbous portion of nerve is grasped with 
microforceps. Right, Microscissor is used to incise dura. 


Color Fig 2.—Intact arachnoid bulges through small dural incision 
(arrow). 


Color Fig 3.—Microforceps reflects dura-arachnoid flap (arrow), 
exposing nerve and its fine pial vessels (arrowhead). Care must be 
taken to avoid injury to pial vessels. 


Color Fig 4.—Dural edge of window (arrow) is examined with microfor- 
ceps. Two distinct cut edges should be seen: arachnoid and dura. 
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150 mm ard 250 mm, adequate room 
can be obtained between the surgical 
field and the microscope for instru- 
ment manipulation. 

Under microscopic visualization, 
adipose tissue surrounding the bul- 
bous portion of the nerve immediately 
behind the globe is gently retracted. 
The short ciliary nerve, the posterior 
ciliary arteries, and the fine vascular 
plexus mace up of collateral branches 
of the ophthalmic artery on the epidu- 
ral surfaee should be identified. 
Extreme care must be exercised to 
preserve the fine vasculature sur- 
rounding and supplying the nerve. 
They shouid be neither manipulated 
nor cauterized. One should also 
refrain from placimg a retractor too 
posteriorly along the lateral aspect of 
the nerve to avoid injury to the ciliary 
ganglion. If the vascular plexus 
obscures a potential site for the dural 
window opening, one can change the 
anchoring position of the lateral rec- 
tus traction suture. This will rotate 
the eptic nerve slightly, which may 
bring inte view an area of the dura 
that does not have overlying vessels. 

The dura of the bulbous portion of 
the optic nerve sheath is best grasped 
with a fine neurosurgical microfor- 
ceps and incised with a bayonet 
springtype micresurgical scissors 
(Celer Fig 1). As the dura is incised, 
arachnoid bulges slightly through the 
incision (Color Fig 2). The arachnoid 
and the edge of the dura are then 
regrasped together with the forceps 
(Fig 1), and the subarachnoid space is 
entered by snipping the arachnoid 
with the microscissors (Fig 2). 
Because CSF escapes once the arach- 
noid is cut. it is important to prevent 
the arachnoid from collapsing onto 
the pia. The arachnoid and dura 
sheuld be excised without touching 
the pia. One blade of the microscissors 
is inserted into the subarachnoid 
space, anc a rectangular window at 
least 3X5 mm is excised from the 
sheath (Fiz 3 and Color Fig 3). If an 
epidural uessel is inadvertently cut, 
hemestasis can be obtained by gentle 
pressure on the cut edge of the vessel 
with a eotton-tip applicator; bipolar 
cauterization is often not necessary. 
The dural edge of the window is exam- 
ined witha microforceps (Color Fig 4). 
Two distinct cut edges should be seen: 
the arachnoid and the overlying dura. 
It is impertant that the arachnoid 
within the window is excised because 
an imtact arachnoid is an effective 
barrier to CSF egress.” The retractors 
and the cottonoids are then gently 
remeved from the wound. Care should 
be taken mot to remove the cottonoids 
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too abruptly, because they may be 
adherent to fat lobules. 

After optic nerve fenestration is 
effected, complete hemostasis must be 
obtained before closure of the perior- 
bita with interrupted 5-0 polygalactin 
910 (Vicryl) suture. The lateral orbital 
wall bone fragment is replaced and 
fixed with a 2-0 nonabsorbable suture 
(Nurolon) in the preplaced drill holes. 
The periosteum, muscle, subcutaneous 
tissues, and skin are closed in sepa- 
rate layers. 


COMMENT 


Surgical decompression of the optic 
nerve in pseudotumor cerebri should 
be performed before rather than after 
reduction in visual acuity. Because 
early damage to the optic nerve mani- 
fests as peripheral visual field con- 
striction with normal visual acuity, 
progressive constriction of the visual 
field is a consideration for surgical 
intervention, even if central visual 
acuity is not affected. Corbett! has 
pointed out that progression of visual 
loss despite maximum medical thera- 
py is sufficient reason for optic nerve 
sheath decompression, without wait- 
ing for visual acuity to fall to a specif- 
ic level. 

The exact mechanism of visual loss 
in papilledema has not been estab- 
lished, but the loss of axons and 
depression of axonal function and 
alterations in the circulatory dynam- 
ics of the optic disc are generally 
accepted.*** This is supported by a 
dramatic reduction of disc edema fol- 
lowing optic nerve sheath decompres- 
sion, both in patients'’** and in exper- 
imental animal models" of papillede- 
ma. 

Access to the optic nerve sheath can 
be achieved either through the medial 
transconjunctival approach,!*”’ via a 
lateral orbitotomy,'*’ or by a combi- 
nation of these two methods.” 

We have tried both medial and lat- 
eral orbitotomy approaches for optic 
nerve decompression, and we believe 
that each has certain technical advan- 
tages and disadvantages. We prefer 
lateral orbitotomy for optic nerve fen- 
estration for the following reasons: (1) 
it offers a direct, perpendicular view 
of the nerve that allows a more con- 
trolled opening of the bulbous portion 
of the optic nerve sheath; (2) to 
achieve this, it is not necessary to 
disinsert a horizontal rectus muscle; 
(3) the lateral approach provides a 
larger surgical field; and (4) it is a 
more familiar approach to the orbital 
surgeon. Disadvantages of the lateral 
approach are as follows: (1) general 
anesthesia is required; (2) it is more 
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time-consuming; (3) there is occasion- 
al difficulty locating the nerve within 
the orbital fat; (4) a skin incision is 
required; and (5) there is a potential 
for pupillary and accommodative dys- 
function as a result of injury to the 
posterior ciliary nerves or the ciliary 
ganglion. 

In comparison, advantages of the 
medial approach include the follow- 
ing: (1) quicker access to the optic 
nerve; (2) retrobulbar anesthesia may 
be sufficient”; and (3) no skin incision 
is required. Disadvantages of the 
medial approaeh are that (1) the 
medial rectus must be disinserted; (2) 
the bulbous portion of the nerve may 
be difficult to see because of the 
oblique angle of the approach; (3) con- 
siderable traction on the globe is 
required”; (4) the placement of a 
retractor against the inner surface of 
the medial rectus muscle may damage 
its innervation; (5) the potential for 
postoperative pupillary dysfunction 
exists; and (6) adjunctive lateral orbi- 
totomy may still be required to pro- 
vide optimal exposure of the optic 
nerve.’ 

We believe that either approach 
technically may be satisfactory as 
long as the surgeon can obtain good 
exposure of the optic nerve. In our 
experience, a lateral orbitotomy 
offers the least-cramped view of the 
bulbous portion of the nerve. A good 
view and a wide field in which to use a 
microscope enceurages careful dissec- 
tion, and we believe this is what con- 
tributes to an excellent visual out- 
come. It should be emphasized that, as 
with any deep orbital surgery, the 
surgeon must have a working knowl- 
edge of the anatomy of this region and 
sufficient training and experience to 
minimize complications. 

Proper site selection for dural inci- 
sion is also impertant to the success of 
this procedure. Hayreh® studied the 
anatomy of the dural and arachnoidal 
sheath of the aptic nerve in humans 
and found it to be loose immediately 
behind the globe. He found the periop- 
tic subarachnoid space to be wider in 
this region than anywhere else along 
its course, accounting for its slightly 
bulbous appearance. The bulbous 
intraorbital portion of the nerve is 
thus an optimum site for sheath inci- 
sion. In this location, the sheath easily 
can be grasped with a microforceps, 
and one blade of the microscissors can 
be inserted into the subarachnoid 
space with less risk of lacerating pial 
vessels. Posterior to the bulbous por- 
tion of the nerve, the dural sheath 
surrounds the optic nerve as a tight 
sleeve; attempts to create a dural win- 
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dow in this region will likely damage 
pial vessels or the optic nerve itself, 
and may cause optic atrophy.’ While 
it is understood that injury to the 
optic nerve must be avoided, the criti- 
cal importance of the pial vessels is 
less well recognized. The use of an 
operating microscope to improve visu- 
alization and to prevent grasping the 
arachnoid from the pial surface helps 
to minimize the damage to these ves- 
sels. This is why the arachnoid should 
not be allowed to fall onto the pial 
surface after the initial incision is 
made and CSF escapes. Incision of the 
sheath more than 1 cm posterior to 
the globe also risks injury to the cen- 
tral retinal artery and vein.” 
Techniques for opening the optic 
nerve sheath have included simple 
linear slit incision, multiple slit 
incisions,’ and excision of a rectan- 
gular window of varying dimen- 
sions. '©!7!9712526 Whether a dural win- 
dow will remain open longer than a 
slit incision is unknown. Theoretical- 
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ly, since the dural edges are juxta- 
posed after a slit incision, fibrous 
tissue could bridge the gap and close 
the incision. Furthermore, the under- 
lying arachnoid tissue cannot be 
excised satisfactorily with a linear slit 
incision of the dural sheath. The pro- 
liferative response to arachnoid in the 
slit area might close off the slit open- 
ing. If a large dural window is made, 
complete closure is less likely, 
although this is speculative. Hayreh"® 
histologically examined the optic 
nerves of primates who had dural 
fenestration to relieve balloon- 
induced papilledema. He observed 
that the gap in the sheath was filled in 
by connective tissue. When this region 
of the sheath was serially sectioned, 
the proliferation of connective tissue 
was missing in some places. In these 
areas there was only a loose, thin 
layer of fibrous connective tissue. 
Whether this layer of connective tis- 
sue prevents the escape of CSF from 
the subarachnoid space is unclear. We 
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adds a new dimension to the safety of 
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Lateral Orbitotomy Without Removal of 


the Lateral Orbital Rim 


Jonathan D. Wirtschafter, MD, Alfredo E. Chu, MD 


è Lateral orbitotomy is used for the 
remeval of orbital tumors and for orbital 
decompression. Most surgeons make saw 
cuts throush the lateral orbital rim and 
remove anc rewire the bone. This proce- 
dure is time-consuming and requires 
repairof the lateral canthal structures. We 
describe a technique using an air-driven 
“acarn-tipped”’ bur that removes the 
posterolateral lip of the frontal process of 
the aygomatic bone and effectively 
straightens the external surface of the 
lateral orbitai wall. This permits removal 
of the bone without serious injury to the 
periorbita. Phe technique creates a trape- 
zoidal orbitetomy measuring approxi- 
mate'y 20 mm anteroposterior, 25 mm at 
the anterior vertical base, and 6 mm at the 
posterior base. The orbital soft tissues 
can thus be safely exposed without 
removal of the lateral rim. We operated on 
one patient with cavernous hemangioma 
(27 X21 X 18 mm) and three patients 
with bilaterai Graves’ ophthalmopathy. 
We discuss anatomic considerations for 
the prevention of complications, including 
injury to the frontotemporal branches of 
the facial nerve, injury to the superior 
head of the lateral pterygoid muscle, and 
inadvertent penetration of the dura. 

(Arch Ophthalmol 1988;106:1463- 
1468) 


La orbitotomy is the most fre- 

quently employed procedure for 
access to the deep orbital structures 
where it permits biopsy or removal of 
orbital masses. The lateral orbitoto- 
my is frequently employed in decom- 
pression før dysthyroid (Graves’) eye 
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disease. Several incisions have been 
described, all directed toward expo- 
sure of the lateral bony rim, the ante- 
rior temporalis fascia, and the anteri- 
or zygomatic arch. Most orbital sur- 
geons “routinely” remove and many 
surgeons “routinely” reinsert the lat- 
eral rim of the orbit. This is usually 
performed with stainless-steel wires. 





See also pp 1365, 1378, 
1384, 1291, and 1458. 





Failure to reinsert the bone can lead 
to a cosmetic deficit. The removal of 
the frontal process of the zygoma 
requires the disinsertion of the lateral 
canthal tendon from the lateral tuber- 
cle. If the lateral canthal tendon is 
disinserted, it must be meticulously 
reattached to the inner periosteum. 
Failure to reform the inner perioste- 
um and its relationship to the lateral 
canthal tendon can lead to cosmetical- 
ly and functionally poor results.' 

We present and rationalize a new 
technique (using an air-driven 
“acorn-tipped” bur to straighten the 
external surface of the lateral wall of 
the orbit) that preserves the anatomy 
of the lateral orbital rim and the 
lateral canthal tendon (Figs 1 and 
2). 


PATIENTS AND METHODS 
Patients 


We operated on four patients without 
removal of the lateral orbital rim. One had 
an intraconal cavernous hemangioma at 
the posterior aspect of the orbit that 
caused 5 mm of proptosis. Three other 
patients (Table) had Graves’ disease with 
bilateral exophthalmos, and compressive 
optic neuropathy im at least one eye. Each 
of the patients with Graves’ disease had 
bilateral three-wall orbital decompres- 
sions (lateral decompression without 
removing the lateral orbital rim and infe- 
romedial decompression via the transan- 
tral maxillary sinus approach). 
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Surgical Procedure 


The procedure ts performed with the 
patient under general anesthesia. The 
patient is in the supine position with the 
head stable or supported in a foam ring 
and turned 20° toward the opposite side. 
This technique can also employ a coronal 
incision in which ease we prefer to shave 
the scalp to a point 5 cm behind the line of 
incision. When indicated, the insertion of 
the lateral rectus muscle may be tagged 
with a 4-0 black silk suture placed trans- 
conjunctivally or under direct visualiza- 
tion. The head is Graped after a prepara- 
tory scrub with pevidone-iodine surgical 
scrub followed by tincture of 10% povidone 
iodine solution. The corneas are protected — 
with scleral shells and an ophthalmic oint- 
ment. 

A solution of 2% lidocaine hydrochloride 
and 1:200000 epinephrine hydrochloride is 
injected into the planmed incision site to 
produce vasoconstriction. A curvilinear 
“Stallard Wright” incision is made below 
the lateral third of the brow and is ex- 
tended vertically down, 10 mm posterior 
and parallel to the lateral orbital rim 
toward the zygomatic arch where the inci- 
sion is reflected backward approximately 2 
cm. Alternatively, the skin may be incised 
(1) with a curved incision extending 
upward from the zygoma within the 
shaved hairline about 5 em posterior to the 
superior temporal orbital margin or (2) 
with a coronal flap expesing the temporal 
fossa, in which case the superficial tempo- 
ral artery and the anterior and middle 
frontotemporal branches of the facial 
nerve will be within the base of the anteri- 
or flap (Fig 1).? These nerves lie within the 
subcutaneous tissue approximately 1 cm 
anterior to the superficial temporal artery. 
Rainey scalp clips (Edward Weck Co, 
Research Triangle Park, NC) over gauze 
sponges are used to control bleeding and 
protect the margins of the coronal flaps. 
The skin flaps are easily retracted with six 
dural hooks attached to sutures and rubber 
drains that control the direction of pull. 
Alternatively, six 4-0 silk sutures are 
placed subcutaneously along the margins 
of the incision of the skin flap for retrac- 
tion and hemostasis. Bleeding vessels are 
clipped, and hemostasis is achieved with 
bipolar cautery. 

The dissection of the skin flap to expose 
the temporalis fascia is described in detail 
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Fig 1.—Drawing from axial computed tomographic scan of orbit (Fig 2), 4 mm above zygomatic arch, showing important 
anatomical landmarks before surgery (left) and during surgery (right). Anterior temporalis fascia splits into superficial and 
deep layers separated by fat pad (left). Facial nerve branches lie on superficial layer and can be protected by vertically 
incising both layers and anteriorly reflecting fat pad before posteriorly disinserting temporalis muscle. Removal of 
posterolateral lip of frontal process of zygomatic bone and retraction of temporalis muscle permit access to lateral wall 
(right). Creation of bony window (dotted line) permits insertion of retractor to protect orbital contents. 


layers of the temporalis fascia. Protection ‘+ 
of the nerves at this point is enhanced by 
recognizing that the anterior portion of the 
temporalis fascia separates into deep and 
superficial layers that attach respectively 
to the medial and lateral aspects of the 
frontal process of the zygoma and zygo- 
matic arch. Between the layers is a sickle- 
shaped fat pad 5 to 6 mm thick and approx- 
imately 30 mm in its anteroposterior 
dimension (Figs 1 and 2). A vertical inci- 
sion at the posterior border of the superfi- 
cial layer of the temporalis fascia and fat 
pad will allow this pad to be gently 
retracted forward, thus protecting the 
nerves and exposing the deep layer of the 
temporalis fascia.’ 

After exposing the deep layer fascia of 
the temporalis muscle and periosteum, a 
scalpel is used to incise vertically the tem- 
poral surface of the lateral orbital perio- 
steum 4 to 5 mm behind the anterior 
orbital rim (Fig 3). This incision should 
extend from 1 cm above the frontozygo- 
matic suture to the zygomatic arch. If the 
purpose of the procedure is to remove a 
tumor and close the orbit, a posterior 
periosteal flap may be developed with the 
Freer double-ended (sharp and blunt) peri- 
osteal elevator. No posterior flap need be 
developed if the purpose of the procedure is 
to actually decompress the orbit. To create 
a posterior flap, relaxing horizontal inci- 3 
sions are made at the ends of the previous 





Fig 2.—Computed tomographic scan from which Fig 1 was drawn. Note middle and superficial 
temporal arteries and fat pad lateral to temporalis muscle. Areas of bone to be removed are 
indicated by shading (steps 1 and 2). 


to prevent muscle weakness from injury to 
the middle branch of the frontotemporal 
nerve innervating the frontalis muscle or 
the anterior branch innervating the upper 
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orbicularis oculi and corrigator muscles. 
These nerves course in the subcutaneous 
tissue over the zygomatic arch. They. then 
course on the surface of the superficial 


vertical periosteal incision to create a pos- 
terior flap. The periosteum is dissected 
anteriorly with the blunt end of a Freer 
periosteal elevator. The temporalis fat pad 
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d 


and fascia are now reflected anteriorly and 
retracted with the anterior skin flap. 

The anterior 5 to 8 cm of the temporalis 
muscle origm is disinserted with a scalpel 
or electrocautery knife. The proximal end 


- of a scalpel kandle can be used to push the 


anterior porcion of the temporalis muscle 
away from tae frontal process of the zygo- 
ma and prov.de access for two dural hooks 
at the upper=nd lower edges to retract the 
muscle posteriorly. Retraction of the tem- 
poralis muscieis enhanced by stripping the 
temporalis muscle from the periosteum 
with a gauze sponge covering a Freer 
periosteal el«vater. 

The entrance into the lateral orbit 
requires removal of portions of the zygoma 
and sphenoid in two steps, both of which 
are accompli: hed mostly with the use of an 
air-driven preumatic tool (Midas Rex, Fort 
Worth, Tex) with an acorn-tipped bur 
(M25, Midas Rex) (Figs 1 and 2). The first 
step is the removal of the posterolateral 
border (lip) ef the frontal process of the 
zygoma, by using broad sweeps of the tip 
and gentle pressure. This straightens the 
lateral wail of the orbit (Fig 4). Saline 
irrigation is required, and a drape (3M 
1016, St Paw!) is useful for fluid that is 
not removed by suction. Bone wax is 
pressed into place with the Freer perioste- 
al elevator to eontrol bleeding. After 
straightening the external surface of the 
lateral wall, the infratemporal fossa is 
exposed. For purposes of illustration, in 
Fig 3 more of the zygomatic arch has been 
removed thar is usually required. Howev- 
er, the amount shown is correct if the 
surgeon plans to extend the bone removal 
into the maxillary sinus. 

Dissection 5 carried down to the infra- 
temporal fossa by retracting the temporal- 
is muscle posteriorly with Army-Navy 
retractors. At this point, cautery and bone 
wax are required for hemostasis of the 
emissary vessels. Dissection is easiest if 
the oblique atsachments of the temporalis 
muscle are disinserted from the undersur- 
face (ie, from below upward). 

The prelimimary dissection is completed 
when the temporalis muscle has been pos- 
teriorly reflecxed sufficiently to expose the 
lateral wall of the erbit to 1 cm posterior to 
the junction of the orbital portion of the 
zygoma and the greater wing of the sphe- 
noid and when the temporalis muscle is 
retracted sufficiently to identify the origin 
of the upper head of the external pterygoid 
muscle. 

The second step using the bur is the 
development of a 10 xX 10-mm window of 
the lateral wall that is thinned to the inner 
table (Fig 5).amd then removed meticulous- 
ly with the ber or with rongeurs. If the 
sweeps of the bur produce a shallow 
groove, a definite auditory and mechanical 
chatter will sigma! that the inner table of 
the bone has been breached. This can occur 
with little or mo damage to the periorbita 
and thus with retention of the orbital fat 
until later. The drill should not be pushed 
to make a hok larger than its diameter 
because the fee. transmitted to the surgeon 
should not eome from the side walls but 
rather from the tip. When the feel comes 
from the tip the surgeon can thin the bone 
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Effects of Bilateral Three-Wall Orbital Decompression for Graves’ Ophthalmopathy * 
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* Lateral decompression without removing the lateral orbital rim and inferomedial decompression via the 
transantral maxillary sinus approach. ET indicates esotropia; LHT, left hypertropia; and E, esophoria. 
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Fig 3.—Drawing of temporal and infratemporal fossa following surgical removal of posterolateral 
portion of frontal process of zygoma (straightening external wall of orbit). Anterior portion of 
temporalis muscle has been retracted, and mandibular attachment of temporalis muscle has 
been removed to show external pterygoid muscle that opens jaw. Note that retracting temporalis 
muscle and removing periosteum too low in infratemporal fossa can traumatize superior head of 
external pterygoid muscle, internal maxillary artery or its branches, maxillary or infraorbital 


nerves, and motor nerve(s) to temporalis muscle. 


to the plane of the inner periosteum with- 
out penetrating it. 

The bony window is enlarged to create a 
trapezoidal orbitotomy typically measur- 
ing 20 mm anteroposterior, 25 mm at the 
anterior vertical base, and 6 mm at the 
posterior base. A sphenoid punch or for- 
ward biting ethmoid or Kerasin rongeurs 
(Ruggles Instrument Co, North Quincy, 
Mass) are useful depending on the expo- 
sure at different parts of the bony window. 
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A malleable ribbon retractor can be 
inserted through the window opening and 
is interposed between the lateral orbital 
wall and the periorbita to protect the 
orbital tissues and the globe (Fig 6). Bone 
removal with the bur and the rongeurs is 
continued toward the posterior lateral wall 
of the orbit until reaching the thick wedge 
of cancellous bone that forms the junction 
of the lateral wall with the middle cranial 
fossa. The bone can be removed with the 
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Fig 4.—Removal of posterolateral lip of frontal process of zygoma with ‘‘acorn-tipped”’ bur. 


Periorbita 





Fig 5.—Sphenozygomatic suture serves as approximate center for window into orbit and points 
to posterior wall of maxillary sinus. Bur is used with brushing technique to remove bony window 
into lateral orbit with sparing of periorbita. Small nick in periorbita reveals prolapse of orbital 


fat. 


bur or rongeurs expanding the posterior 
lateral wall of the orbit (the inner table of 
the greater wing of the sphenoid bone). 
The same bur is used with a lateral brush- 
ing motion. Care should be taken not to 
enter middle cranial fossa by penetrating 
the posterior plate of cortical bone. During 
the superior dissection, the anterior crani- 
al fossa can be inadvertently entered and 
the dura penetrated with the drill. To 
prevent this, we recommend that the upper 
portion of the opening be extended with 
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the rongeurs. Carrying the dissection 
below the origin of the upper head of the 
external pterygoid muscle leads to postop- 
erative difficulty in opening the mouth for 
mastication (Fig 3). Moreover, the internal 
maxillary artery and its branches are 
encountered at this level, as is the maxil- 
lary nerve within the pterygopalatine fos- 
sa. The cancellous bone tends to bleed and 
hemostasis is done with cautery or bone 
wax. The lateral orbitotomy is continued 
using the rongeurs and drill until only a 


small strut of the frontal process of the 
zygoma remains. The strut is about 5 X 5 
mm in cross section. 

The periorbita is tented with toothed 


forceps and is incised anteroposteriorly_ < 


with a No. 75 Beaver blade or No. 12 
scalpel. The incision may be widened at its 
ends, forming a flap. The deep orbit can 
now be visualized, and the osteotomy 
should be large enough fer surgical manip- 
ulation within the retrobulbar space. If the 
purpose of the orbitotomy is the removal of 
an orbital tumor, access may be facilitated 
by placing a malleable ribbon retractor 
through the lateral orbital opening. 

If the purpose of the procedure is orbital 
decompression, the inferior aspect of the 
osteotomy can be extended with rongeurs 
to the lateral border of the inferior orbital 
fissure and the lateral aspect of the 
infraorbital groove. The posterior limit of 
the maxillary sinus is anterior to the verti- 
cal aspect of the sphenezygomatic suture 
removed during the lateral orbitotomy 
(Fig 3). The surgeon must redirect the 
angle of attack from the anteroposterior 
approach of the latera! orbitotomy to a 
posteroanterior approach for the inferior 
orbitotomy (Fig 6). After all aspects of the 
orbitotomy are complete, orbital fat can be 
removed or simply allowed to prolapse. 
Gentle pressure for a few seconds on the 
globe helps to define a desirable amount. 
The lateral periorbita is not repaired if 
orbital decompression is desired. The 
orbital tissue is teased through as indi- 
cated to control the amount of exophthal- 
mos. If removal of the orbital roof is 
desired, the superior aspect of the osteoto- 
my can electively be extended into the 
anterior cranial cavity with rongeurs. At 
the end of the procedure, the fascia of the 
temporalis muscle and lateral orbital rim 
periosteum may be reapproximated with 
interrupted 3-0 or 4-0 chromic gut or other 
absorbable sutures. Amputation of the 
anterior third of the temporalis muscle 
may be necessary for further decompres- 
sion. 

The subcutaneous tissue and skin are 
closed in the usual fashion with 5-0 chro- 
mic gut and nylon suture, respectively. 
Drains are not usually required as the 
swelling goes into the deeper tissues of the 
face and jaw. However, a Jackson-Pratt 
silicone drain (V. Muller Co, Chicago) can 
be placed in the inferotemporal fossa or 
even the orbit, if needed, and the drain 
removed on the first or second postopera- 
tive day. Systemic antibiotics are given 
intravenously during the surgery and con- 
tinued postoperatively if the paranasal 
sinuses or cerebrospinal fluid spaces have 
been entered. Prednisene may be given 
postoperatively if the patient has an 
inflammatory disorder or was using corti- 
costeroids preoperatively. An elevated 
head position may speed the resolution of 
swelling. 


RESULTS 


Large masses can be removed with 
this technique. The formalin-fixed 
specimen of the cavernous hemangio- 
ma measured 27 X 21 X19 mm. The 
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Fig 6.—Exparding posterior lateral orbitotomy using side of bur (upper arrows) while retracting 
orbital contents medially with ribbon retractor. Redirecting angle of attack from anterolateral 
approach fer lateral orbitotomy to posteroanterior approach for nferior orbitotomy (lower 


arrow). 


patient recovered normal activity, 
visual field, and ocular motility. The 
procedure resulted in improved vision 
and reduction of exophthalmos in the 
patients with Graves’ disease (Table). 
Extraocular muscle function was 
unchanged in two patients, and an 
esophoria was converted to an esotro- 
pia in anether patient. One patient 
with Grawes’ disease had a prevent- 
able, inadvertent dural tear into the 
anterior cranial fossa. This was the 
result of using the bur with a piercing 
rather tham brushing technique to 
extend the opening into the orbit 
above the irontozygomatic suture. We 
now recognize «hat this can be avoided 
by using the sphenoid punch to 
enlarge the bany window after it is 
opened. No wound problems or infec- 
tions occurred. Facial and mandibular 
swelling teok four to eight days to 
resolve. The initial two patients com- 
plamed of difficulty opening their 
mouths. Ths complaint lasted for 
about a week and may have been due 
to trauma to the superior head of the 
external pterygoid muscle. Once we 
became aware af the problem, we were 
careful not to retract the temporalis 
muscle to the lowest portion of the 
greater wing of the sphenoid in the 
infratemporal fossa. The problem did 
not recur. 
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COMMENT 

Since its inception, the lateral orbi- 
totomy has essentially remained the 
same except for minimal variations. 
The two most popular techniques are 
Berke’s** modification of Kronlein’s 
(1888) operation and the Stallard- 
Wright incision.*’? These techniques 
differ with regard to the incisions but 
share their approach for the removal 
of the lateral orbital rim. The removal 
of the orbital rim is unnecessary for 
most conditions except when indi- 
cated to prevent incomplete removal 
of the capsule of benign mixed lacri- 
mal gland tumors where the tumor 
may invade the periosteum. 

The lateral orbitotomy has been 
advocated as a part of orbital decom- 
pression procedures developed by neu- 
rosurgeons. The transfrontal cranio- 
tomy was used by Naffziger* and mod- 
ified by Poppen.’ These procedures are 
rarely used because they result in 
pulsating exophthalmos. Hamby” 
modified the pterional approach of 
Cairns to decompress the orbit with a 
subtemporal incision, but this opera- 
tion routinely involves entering the 
cranial cavity. This raises the poten- 
tial problems associated with direct 
injury to the frontal lobe or the leak- 
age of the cerebrospinal fluid. Some of 
these include tight dura (requiring 
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hyperventilation anesthetic tech- 
niques or the intravenous administra- 
tion of osmotic agents), dura tears 
(requiring closure, suture, or pack- 
ing), and infections, particularly in 
patients in whom the _ paranasal 
sinuses have been opened. According 
to Hamby, the exposure of the orbital 
surface with the pterional approach is 
one third greater than that achieved 
with the Naffziger approach. 

The first deseription of a lateral 
decompression of the orbit into the 
temporal fossa leaving the rim intact 
may be that of Dollinger” in 1911. In 
1939 and in 1959, Moran’ reported 
his technique for lateral orbital 
decompression in which a coronal 
incision was used that ascended verti- 
cally and anteriorly from a point 5 em 
anterior to the tragus. The temporalis 
muscle was detached and reflected 
downward. Moran stated that the 
overhanging lip of the lateral aspect 
of the frontal process of the zygoma 
may be removed with bone forceps 
and that following this an opening is 
made into the lateral wall, leaving the 
orbital rim intaet. Smith," in 1965, 
seems to have been the first to 
describe the use of a drill to remove 
the lateral edge of the frontal process 
of the zygoma. However, the lateral 
canthal structures were disinserted, 
and the periorbita was retracted with 
an anterior approach rather than 
with the lateral approach advocated 
herein. 

Guyton’ described a similar proce- 
dure in 1946. He described the final 
removal of almost the same amount of 
lateral orbital wall, except that he 
began by removing the zygomatic and 
greater wing of the sphenoid contri- 
butions to the lateral orbital wall. He 
spared 2 mm of the lateral orbital rim 
and entered the orbit with a cranioto- 
my perforator and rongeurs. His pro- 
cedure was not widely adopted. Per- 
haps one reason was that there may 
be a discrepancy between his illustra- 
tions (which are correct) and his 
description stating that “the lateral 
edge of the zygomatic process of the 
maxilla is rongeured away to afford 
better exposure” before entering the 
orbit with the cranial perforator. The 
frontal process of the zygoma was 
then partially removed as part of 
expanding the orhbitotomy. 

Our procedure differs from Mo- 
ran’s’" and Guyton’s in that the 
air-driven bur is used in a highly con- 
trolled manner to remove the lateral 
aspect of the frontal process of the 
zygoma as the initial step to straight- 
en the external surface and thus gain 
access to the lateral wall of the orbit. 
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The bur revolves at approximately 
72000 rpm and provides more precise 
control and less burning of bone than 
earlier drills. These pneumatic tools 
are now commonly used by neurosur- 
geons and orthopedists. The acorn tip 
used as described herein protects the 
periorbita so that there is less need to 
reflect the orbital contents medially 
to protect them with a malleable 
retractor while drill holes are made at 
the upper and lower edges of the saw 
cuts that are used by most surgeons.’ 

Our procedure differs from the 
four-wall orbital decompression of 
Kennerdell and Maroon" in that the 
lateral orbital rim is not disturbed. 
Our approach permits extension of an 
individualized approach to the orbital 
decompression as advocated by Hur- 
witz and Birt,'’ who claim that lateral 
decompression produces secondary 
strabismus less frequently than infe- 
rior and medial decompression. This 
approach can be effectively combined 
with external ethmoidectomy if the 
primary indication for surgery is pos- 
terior compressive optic neuropathy 
of Graves’ disease. The medial aspect 
of the inferior orbit can be decom- 
pressed in the external ethmoidecto- 
my. The combination of the lateral 
orbitotomy and external ethmoidecto- 
my can be used as an alternative to 
the transantral decompression. The 
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temporalis fascia can be incised, part 
of the muscle removed, and all or part 
of the orbital floor removed via this 
approach. Our technique differs from 
the most popular techniques in the 
preservation of the lateral orbital rim 
and the lateral canthal tendon. 
Among its advantages are that (1) it is 
a faster procedure because there are 
no bone flaps to reattach, (2) it does 
not produce computed tomographic or 
magnetic resonance imaging arti- 
facts, (3) it should be cosmetically and 
functionally superior because the lat- 
eral canthal tendon and its important 
functional relationship to adjacent 
structures is left intact,' (4) it allows 
the same anatomical landmarks to be 
used for measuring exophthalmome- 
try preoperatively and postoperative- 
ly, and (5) the branches of the facial 
nerve are protected. This procedure 
causes no loss of protection for orbital 
contents because malleable retractors 
can be introduced to protect the orbit- 
al contents at the same angle as would 
have been the case had the orbital rim 
been removed. The posterior orbit can 
be expanded laterally toward the tem- 
poral fossa to the point where the 
middle fossa periosteum is seen 
through the thinned bone. Should 
small dural tears occur, they can be 
plugged (as described herein) or cov- 
ered with an excised piece of perioste- 
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um from the zygoma or a piece of 
temporalis fascia, or treated with cya- 
noacrylate adhesive.™ We did not 
experience any additional complica- 
tions from those already described in 
the literature for the lateral orbitoto- 
my. 

Lateral orbitotomy with an air- 
driven acorn-tip bur to straighten the 
external surface of the lateral orbital 
wall and spare the lateral orbital rim 
is a technique that should find fre- 
quent application in the practice of 
orbital surgery. We now question 
whether removal of the lateral orbital 
rim should be the “routine” surgical 
approach except (1) im lesions of the 
medial apex of the orbit where a com- 
bined medial and lateral orbitotomy is 
indicated” and (2) for total excision of 
a benign mixed tumor of the lacrimal 
gland. Further cases and the experi- 
ence of additional surgeons will be re- 
quired to ensure that exposure is simi- 
lar to that achieved with complete re- 
moval of the lateral erbital rim. 
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Surgical Decompression of Branch Retinal Vein Occlusions 


Mark D. Osterloh, MD, Steve Charles, MD 


è Many patients with branch retinal 
vein occlusions can develop significant 
long-term ciminution of vision due to such 
complications as macular edema, retinal 
neovascularizetion, and vitreous hemor- 
rhage. One o us (S.C.) developed a new 
surgical precedure that involves section- 
ing or decompression of the common 
sheath connecting the artery and vein at 
the crossing where a branch retinal vein 
occlusion occurs. The patient whose case 
we report hac a visual acuity improve- 
ment from 2C- 200-2 to 20/25+1 eight 
months after surgery. 


(Arch Opnhthaimol 1988; 106: 1469- 
1471) 
ranch retinal vein occlusions 


essentially always occur at arte- 
riovenous cressings. They also have a 
strong pathogenic correlation with 
the presence of hypertension and 
arterioloscierosis. The average age of 
affected patients is usually within the 
fifth or sixta decade of life. Visual 
acuity is usuelly reduced from intra- 
retinal hemorrhages, macular edema, 
capillary nomperfusion, and vitreous 
hemorrhages secondary to retinal 
neovascularization. While numerous 
medical treatments have been tried, 
they have not been found to be effec- 
tive conclusively. To date and to our 
knowledge, only retinal laser photoco- 
agulation has been shown to be an 
effective treatment for the sequelae of 
branch retinal vein occlusions, such as 
macular edema, retinal neovasculari- 
zation, and vitreous hemorrhage.?? 
Many imvestigators believe that 
compressien ef the vein by the artery 
at affected arteriovenous crossings is 
the primary cause of branch retinal 
vein occlusions. We have performed a 
surgical sectioning of the sheath 
between an affected artery and vein in 
an attempt fo decompress the vein 
and to allow the resumption of more 
normal venous return. This new tech- 
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nique was perfermed in the hope of 
developing a procedure that would 
allow early intervention for branch 
retinal vein occlusions to allow earlier 
resolution of macular edema, intrare- 
tinal hemorrhages, and prevention of 
retinal neovascularization and vitre- 
ous hemorrhage. 


PATIENTS AND METHODS 


This experimental procedure was done 
on 12 freshly excised porcine eyes, three 
eyes of anesthetized pigs, and two eye bank 
eyes. The procedure was also performed on 
the arteriovenous crossings of seven 
human eyes after the eyes were found to be 
inoperable during vitrectomy. In these 
patients temporary arterial spasm (lasting 
less than one minute) occasionally 
occurred. However, no instances of bleed- 
ing were noted in these patients. 

Our patient was a 54-year-old woman 
who had been hypertensive for 30 years. 
The rest of her medical history was unre- 
markable. Her medications were prazosin 
hydrochloride (Minipress) twice daily and 
a combination of amiloride hydrochloride 
and hydrochlorothiazide (Moduretic) once 
daily. 

For two to three weeks before being seen 
in our office, she noted distorted vision in 
her left eye. The patient had no history of 
ocular problems, except for presbyopia. On 
initial examination the patient’s best cor- 
rected visual acuity was 20/20 OD and 
20/200—2 OS. Intraocular pressure was 18 
mm Hg OD and 20 mm Hg OS. Findings 
from the anterior segment examination 
were normal in each eye. Retinal examina- 
tion of the right eye revealed mainly mild 
arteriovenous crossing changes. The left 
eye had extensive intraretinal hemorrhage 
from a superior temporal branch retinal 
vein occlusion and marked macular edema 
(Fig 1, left). A fluorescein angiogram was 
also performed at that time (Fig 1, 
right). 

Six days later the patient was taken to 
the operating room after receiving an 
informed consent as to the experimental 
nature of the procedure. The patient then 
had a left eye trans pars plana vitrectomy 
with a surgical decompression of the arte- 
riovenous crossing at the site of the branch 
retinal vein occlusion. Sutherland scissors 
(55°) were utilized to cut across the glial 
tag just superior and temporal to the optic 
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nerve head that was associated with the 
compression of the vein (Fig 2). A bent 
microvitreoretinal blade was then utilized 
to strip away the glial fibers between the 
artery and vein at their crossing and the 
occlusion site. The artery was completely 
separated from the vein. No hemorrhag- 
ing, arterial spasm, or other complications 
were encountered. At the time of surgery, 
no notable change was noted in the caliber 
of the affected vein. 

The patient was followed up closely after 
the operation and her vision progressively 
improved. The postoperative visual acui- 
ties were 20/200 at one month, 20/100—1 at 
two months, 20/40-—1 at three months, 
20/50+1 at six months, and 20/25+1 after 
eight months. During this time the patient 
had progressive resolution of the intrareti- 
nal hemorrhage and macular edema (Fig 
3). At the end of eight months, however, 
the patient had residual capillary dilata- 
tion and macular edema. 


COMMENT 


Several medical conditions have 
been found to have a more frequent 
association with the occurrence of 
branch retinal vein occlusions. How- 
ever, hypertension seems to be the 
most frequently associated medical 
condition,’ having been found in up to 
75% of the patients studied.‘ 

Hypertension and the associated 
arteriosclerotic retinopathy have been 
shown to produce subintimal hyalin 
deposition and a thickening of the 
arteriolar media and adventitia. 
These changes can cause compression 
of adjacent veins at the arteriolar- 
venular crossings.‘ 

In one histopathologic study of nine 
branch retinal vein occlusions, eight 
of the corresponding retinal arteries 
had moderate to severe arterioloscle- 
rosis. All nine of the branch retinal 
vein occlusions had a fresh or recana- 
lized thrombus within the affected 
vein. In 66% of the occlusions, inner 
retinal ischemic atrophy was noted 
distal to the occlusion site.’ 

The arteriolosclerosis could cause 
focal narrowing of the retinal vein 
with the production of turbulence, 
slowed flow, and increased viscosity 
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Fig 1.—Top, Fundus photograph of left eye one week before surgery. 
Branch vein occlusion has occurred at first arteriovenous crossing 
superiorly. Extensive intraretinal hemorrhages are present. Bottom, 
Fluorescein angiogram of left eye taken same day as Fig 1, top. Note 
extensive blockage of fluorescence by intraretinal hemorrhages and 
staining of venous blood vessels (177 s after injection). 


Fig 2.—Partial cutting of common sheath between artery and vein at 
site of branch retinal vein occlusion. Other side of sheath was also 
incised with same Sutherland scissors. 


j 
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Fig 3.—Top, Fundus photograph of left eye eight months after surgery. 
Note resolution of intraretinal hemorrhages. Visual acuity was 20/ 
25+ 1. Center, Fluorescein angiogram of left eye taken same day as Fig 
3, top. Note capillary dilatation and some areas of capillary nonperfu- 
sion superior to fovea (20 s after injection). Bottom, Fluorescein 
angiogram of left eye taken same day as Fig 3, center. Note ¥* 
late-staining macular edema superior to fovea (735 s after injection). 
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that may predispose to thrombus for- 
mation and retinal vein occlusion.® 
In a review of 12 reports by Orth 


and Patz, % of the branch retinal 


vein occlusiens were found in the 
superior temporal quadrant. This has 
been attributed to the greater fre- 
quency of arteriovenous crossings in 
this quadrant. 

Spontaneous improvement in visual 
acuity is a frequent finding in branch 
retinal vein occlusions. In a review of 
several articles, Orth and Patz! found 
that 53% of the patients with branch 
retinal vein occlusions achieved a 
final visual acuity of 20/40 or better 
and 25% of the patients achieved 
20/50 to 20/100. 

It has also been found that the 
closer the occlusion site is to the optic 
dise, the poerer the ultimate visual 
outcome.’ This was one reason why we 
elected to treat this patient since her 
occlusion wes close to the optic disc 
and the retinal hemorrhage occupied 
a large retinal area. 

Several authors have reported that 
significant hemorrhage and edema 
absorption =s well as visual acuity 
imprevement can occur within six to 
seven months after onset of a branch 
retinal vein oeclusion.'*'! That many 
branch retina! vein occlusions sponta- 
neously improve makes the evaluation 
of various therapeutic modalities 
more difficuk. The improvement in 
our patient may have been spontane- 
ous or due to surgical intervention. 
Further investigation would be 
needed to answer this question. 

In the past, numerous medical 
treatments have been tried in branch 
retinal vein ecclusions such as clofi- 
brate (Atromid-S), fibrinolytic 
agents, and anticoagulants. However, 
none of these treatments has been 
shown conclusively to be benefi- 
cial. 1*3 

The three most common complica- 
tions ef branch retinal vein occlusions 
are macular edema, neovasculariza- 
tion, and witreous hemorrhage. The 
macular edema is generally attributed 
to obstructed venous return and ische- 
mic damage to retinal vessels. The 
neovascularization and later vitreous 
hemorrhage are attributed to a vaso- 
proliferative factor released from the 
ischemic retina in the area distal to 
the branch retinal vein occlusion.'"* 

To date anc to our knowledge, the 
one therapeutic modality that has 
been shown e be beneficial in the 
treatment of the complications of 
branch retinal vein occlusions is reti- 
nal argon laser photocoagulation. It 
has been shown to help resolve the 
macular edema’ and to prevent neo- 
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vascularization and vitreous hemor- 
rhage.’ 

Laser therapy is used to control or 
reverse the complications of branch 
retinal vein occlusions and not as an 
effort to correct the main problem, 
the occlusion. The purpose of our 
investigation was an attempt to cor- 
rect what we believe to be the patho- 
genic mechanism in branch retinal 
vein occlusions. It is thought that 
hypertension causes retinal arterio- 
losclerosis and subsequent compres- 
sion of underlying retinal veins at 
arteriovenous crossings. By surgically 
lysing the adventitial sheath between 
the two vessels at the obstruction site, 
we believe that this will help reduce 
the venous compression, allow im- 
proved flow, and lessen the sequelae. 

Although we did not experience any 
surgical complications in this patient, 
there are numerous possible compli- 
cations that could occur. First, a reti- 
nal detachment could result from a 
full-thickness retinal tear produced 
during the cutting of the sheath con- 
necting the artery and vein. However, 
the presence of the vein inferior to the 
area where the sheath is being cut 
could be protective. It is likely that 
the vein would be cut and would bleed 
before a full-thickness cut was made. 
Such bleeding could serve as a warn- 
ing that an incision was being made 
too deeply. 

A vitreous hemorrhage could also 
occur due to cutting either the artery 
or the vein. If the artery was cut, this 
could lead to a situation similar to a 
large branch retinal artery occlusion. 
This would be due to an interruption 
of the arterial flow distal to the site of 
the vessel laceration. Such a complica- 
tion could produce a significant com- 
promise in the ultimate visual out- 
come. 

A small arcuate scotoma could be 
produced by cutting through the nerve 
fiber layer at the site of the arteriove- 
nous crossing. This scotoma would 
probably be small due to the small 
size of the cuts. Such scotomas would 
likely be clinically insignificant 
because they weuld be small and 
extend into an area temporal to the 
macula. 

Another complication could be post- 
operative gliosis as the retina tries to 
heal the surgical wounds. This could 
lead to traction analogous to a macu- 
lar pucker. Gliosis could also cause 
traction on the involved arteriovenous 
crossing that would further compro- 
mise the venous blood flow past this 
point. 

Due to the difficulty in making 
these fine cuts between the artery and 
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vein, we believe surgery is only practi- 
cal at arteriovenous crossings close to 
the optic disc. These vessels seem to 
be sufficiently large and strong 
enough to tolerate this delicate 
manipulation. It is hoped that further 
advancements in microsurgical in- 
strumentation will aid in the perfor- 
mance of these experimental tech- 
niques. 

The operation on our patient was 
performed almost one month after 
she first noted visual symptoms. It is 
interesting to speculate whether a 
much earlier intervention might have 
led to less hemorrhage, ischemia, and 
edema with a sherter recovery time. 
Our patient’s clinical picture and 
visual acuity improved rapidly after 
surgery. Whether this was due to 
spontaneous improvement or surgical 
intervention will have to be answered 
by future investigations. 


Angela Sneider prepared the art work, Byron 
Wood took the photographs, and Shannon Van- 
derford prepared the manuscript. 
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lysebei Verschluss von Netzhautvenen. Klin 
Monatsbl Augenheilkd 1%68;153:403-408. 

14. Gass JDM: A fluorescein angiographic 
study of macular dysfunetion secondary to reti- 
nal vascular disease: II. Retinal vein obstruction. 
Arch Ophthalmol 1968;80:550-568. 
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New Instruments 





A Combined Needle Holder and Scissors 


Bhupendra C. Patel, FRCS; Peter Hamilton, FRCS; John Twomey, FRCS 


è A combined needle holder and scis- 
sors was designed in two sizes, one for 
use in muscle surgery and oculoplastic 
surgery and the other in microsurgery. 
They have been used with suture sizes 
10-0 to 6-0 and needles from 75 to 200 
um in diameter and have been found to be 
useful in cataract, squint, and oculoplas- 
tic surgery. 

(Arch Ophthalmol 1988; 106: 1472) 


[yp ctosureery requires the use of 
fine needles and suture materials 
and the needle holder that is selected 
must match the size and strength of 
the needle to be used. The use of a 
needle holder that is larger than 
required can result in damage to the 
needle, and in particular can distort 
the needle’s curvature. Good micro- 
scopic surgery technique requires the 
surgeon to make only essential move- 
ments outside the microscope’s field 
of view and, therefore, as few instru- 
ments as possible should be passed in 
and out of the field. 

The Gillies combined suture holder 
and scissors is used mainly in general 
surgery and plastic surgery and can 
only effectively be used with sutures 
that are 5-0 or thicker. A combined 
needle holder and scissors without a 
spring catch was designed in two 
sizes, one for use in muscle surgery 
and oculoplastic surgery and the other 
for use in microscopic surgery. The 
overall length of the instrument is 130 
mm. The jaws have a curved tip 10 
mm long. The needle and suture-hold- 
er part of the jaws is 6 mm long, while 
a pair of scissors 4 mm long is incor- 
porated behind this section (Fig 1). 
This combined needle holder and scis- 
sors has been used with 6-0, 7-0, and 
8-0 sutures and with needles 150 um to 


Accepted for publication July 1, 1988. 

From the Department of Ophthalmology, 
Moorfields Eye Hospital, London. 

Reprint requests to Moorfields Eye Hospital, 
City Road, London EC1V 2PD, England (Dr 
Patel). 
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Fig 2.—Scissors section being used in oculoplastic surgery. 


220 um in diameter. We have used it in 
squint surgery and oculoplastic sur- 
gery (Fig 2) during the year preceding 
this writing. It is particularly useful 
when a large number of interrupted 
sutures are required. We have had no 
difficulty in holding the different- 
sized needles and sutures or in cutting 
them to the required length. Repeated 
use during the past 12 months has not 
resulted in instability of the needle 
holder or misalignment of the scis- 
sors’ cutting edges. 

A separate microsurgical instru- 
ment was also designed for use in 
cataract surgery with 10-0 sutures 


and needles 75 um to 130 um in diam- 
eter. The needle and suture holder 
section is slimmer to allow ease in 
handling the smaller needles and 
tying the sutures. There is a risk of 
inadvertently cutting the suture or 
tissue when using these needle hold- 
ers, although we have not experienced 
this problem. 


These instruments (Patel needleholders and 
scissors) are available from Osborn & Simmons 
Ltd, 31 Clerkenwell Close, London EC1R OAT, 
England. The authors have no commercial or 
proprietary interest in the instruments. 


Needie Holder—Patel et al 
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Continuing Medical Education 


Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is updated 
monthly and provides an easy reference to continuing medical education (CME) courses. 
Accredited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities 
for inclusion ia the list free of charge. Listings will be published for three consecutive 
months and should be received at least two months prior to date of course, eg, by Jan 1 to be 
included in the March, April, and May issues. A course held between the first and 14th 
days, inclusively, will appear in the preceding month’s issue. The listing cannot be 
published wniess it contains the following information: title, location, date(s), sponsor(s), 
and contact address. Optional information includes CME category 1 hours of instruction, 
registration fee, and guest speakers. Listings should be typed double-spaced with 2-in left 
and right maxgins. Send submissions to Cinda Gislason, Archives of Ophthalmology, CME, 
1855 W Taylor St, Chicago, IL 60612. Readers are encouraged to contact the accredited 
sponsor for more detailed information. 


ARIZONA 


Fifteenth Ann Frontiers in Ophthalmol At: Scotts- 
dale Dates: 2/9/89 to 2/11/89 Hrs Instr: 1 
Sponsor: St Luke’s Med Ctr, Prentice Eye Inst 
Contact: Christine Campbell, Campbell Mtg 
Management, 4659 S Lakeshore Dr, Suite D, 
Tempe 85282; (602)838-6728 


CALIFORNIA 


Controversies in Ophthalmol At: Los Angeles 
Dates: 11/17/88 to 11/18/88 Hrs Instr: 14 Reg 
Fee: $350 prac phys, $100 retired phys, resi- 
dents, fellows, techs, nurses Contact: Develop- 
ment & Public Affairs Office, Doheny Eye Inst, 
1355 San Pable St, Los Angeles 90033; (213)224- 
7718 


Fifty-eighth Ann Mid-Winter Ophthalmol Clin 
Conf At: Los Angeles Dates: 2/10/89 to 2/12/89 
Hrs Instr: 18 Reg Fee: $295 ($350 after 1/1/89) 
prac phys, $160 residents & retired phys Spon- 
sor: Res Study Club of Los Angeles Guest 
Speakers: Carmen A. Puliafito, David J. 
Schanzlin, Frederick A. Jakobiec, William F. 
Maloney Contact: Louise Ball, Box J, South 
Pasadena 91030-0590; (213)680-2387 


Comprehensive Course in Intraocular Lens 
Implantation & Phacoemulsification At: Santa 
Monica Dates: 12/8/88 to 12/10/88 Contact: 
Mary Martin, Found for Ophthalmic Ed, 2232 
Santa Monica Blvd, Santa Monica 90404; 
(213)829-4711 





THE BASCOM PALMER EYE INSTITUTE 


UNIVERSITY OF MIAMI SCHOOL OF MEDICINE 


DEPARTMENT OF OPHTHALMOLOGY 
presents a course entitled: 


PROBLEM ORIENTED APPROACH TO VITREOUS SURGERY 


February 27-March 1, 1989 
Biscayne Bay Marriott Hotel 
Miami, Florida 
University of Miami Faculty 


George Blankenship, M.D. 
Sandra Frazier-Byrne 
Elaine Chuang, M.D. 
John Clarkson, M.D. 
Harry Flynn, M.D. 


Guest Faculty 
Mark S. Blumenkranz, M.D. 
Kresge Eye Institute 
William Beaumont Hospital 
Royal Oak, Missouri 


Hotel. 


This course has been approved for 12.5 hours in Category | AMA credit, with an additional 2 hours for the laboratory 


Session. 


To register please send check in the appropriate amount payable to: ‘‘Continuing Education in Ophthalmology, Inc.” and mail to: 
Bascom Palmer Eye Institute, P.O. Box 015869, Miami, Florida 33101. Telephone: 305/326-6099. 


This course is designed for practitioners in ophthalmology who are either performing vitreous surgery actively or who want to 
become further informed about the advances in vitreoretinal surgery. This course is meant to foster extensive interactions 
between the course participants and the course faculty, this interaction will be enhanced by the allocation of multiple discussion 
periods as well as case presentations to the faculty panel. A practical laboratory session is offered for an additional $100. 
Registration fee is $350 for all lectures. Registration fees include all course materials, coffee breaks, lunch on Febsuary 27 and 
28 and a reception on Monday evening, February 27, 1989. Special rates have been obtained at the Biscayne Bay Marriott 


COLORADO 


Colorado Ophthalmal Soc Ann Mid-Winter Sem 
At: Vail Dates: 1/21/89 to 1/25/89 Hrs Instr: 16 
Contact: Carol Goddard, Box 4834, Englewood 
80155; (303)770-6048 


Sixth Ann Wilmer Inst Current Concepts in Oph- 
thalmol At: Vail, Colo Dates: 3/18/89 to 3/ 
25/89 Hrs Instr: 30 Reg Fee: $475 prac phys, 
$325 residents & fellows Contact: Prgm Coor- 
dinator, CME, The Johns Hopkins Med Inst, 
Turner 22, 720 Rutland Ave, Baltimore, MD 
21205; (301)955-2959 


FLORIDA 


Keratorefractive Surg, Cataract & Implant Surg, 
& Prac Ocular Plastic Surg At: Fort Lauder- 
dale Dates: 12/27/88 to 12/29/88 Contact: 
Marvin L, Kwitko, MD, 5591 Céte Des Neiges 
Rd, Montreal, Quebec, Canada H3T 1Y8; 
(514)735-1133 


Sixth Ann Florida Winter Workshop At: Holly- 


wood Dates: 12/27/88 to 12/29/88 Reg Fees: 


$250 ($300 after 12/1/88) ophthalmologists 
$150 senior ophthalmologists (over 65 yrs), 
$500 phakoemulsification/implant wet lab, $75 
nurses, $25 students, $75 residents Contact: Dr 
Marvin L. Kwitko, Prgm Chairman, 5591 Céte 
des Neiges Rd, Suite 1, Montreal, Quebec, 
Canada H3T 1Y8; (514)735-1133 


Neuro-ophthalmol Coaurse At: Key Biscayne 
Dates: 12/8/88 to 12/10/88 Hrs Instr: 10 Reg 
Fee: $325 prac phys, $100 residents & fellows 
Contact: Bascom Palmer Eye Inst, Box 015869, 
Miami 33101; (305)326-6099 


Diagnostic Ophthalmic Ultrasound: Intraocular 
Disease At: Miami Bates: 11/3/88 to 11/5/88 
(Continued on p 1475.) 














Mary Lou Lewis, M.D. 

Don Nicholson, M.D. 

Guy E. O'Grady, MD. 

Karl R. Olsen, M.D. 
Jean-Marie Parel, Ing. ETSG 










Wayne Fung, M.D. 
Pacific Medical Center 
San Francisco, California 
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Doheny Eye Institute 


20th Annual Doheny Meeting 





“Controversies in Ophthalmology” 





Date: 


November 17, 18, 1988 





Course Director: 


Ronald E. Smith, M.D. 





Guest Faculty: 


Alan C. Bird, M.D., FR.C.S. 
London, England 


Ronald M. Burde, M.D. 
New York, N.Y. 


Mitchell H. Friedlaender, M.D. 
San Diego, CA 


Paul R. Lichter, M.D. 
Ann Arbor, MI 


Allan E. Kreiger, M.D. 
Los Angeles, CA 





Doheny Eye Institute Faculty: 


George Baerveldt, M.D. 
Steven E. Feldon, M.D. 
Donald A. Frambach, M.D. 
George T. Frangieh, M.D. 
Ronald Green, M.D. 

Dale K. Heuer, M.D. 


Course Content: 


The 20th Annual Doheny Meeting will 
provide an update on controversies in 
ophthalmology today. Clinically oriented 
discussion of current topics will include 
anterior segment and posterior segment 
problems. Special attention will be given 


John A. Irvine, M.D. 
John S. Lean, M.D. 

Peter E. Liggett, M.D. 
James T. Martone, M.D. 
Jan McDonnell, M.D. 
Peter J. McDonnell, M.D. 
A. Linn Murphree, M.D. 
Narsing A. Rao, M.D. 
Stephen J. Ryan M.D. 
Alfredo A. Sadun, M.D., Ph.D. 
James Salz, M.D. 

Ronald E. Smith, M.D. 
Kenneth W. Wright, M.D. 


to surgical aspects of cataract and 
refractive problems, including radial 
keratotomy, epikeratophakia, and new 
intraocular lens styles and surgical 
techniques. Treatment of diabetic 
retinopathy, AIDS-related macular degen- 
eration, glaucoma, strabismus, congenital 
cataracts, and eye trauma will be 
discussed. Courses for ophthalmic tech- 
nicians and nurses will be held in 
conjunction with this Doheny Meeting. 





Special Guest Faculty: 


Irvine Lecture: 


Doheny Lecture: 


Los Angeles Ophthalmology 


“Indications for Medical and “Water Movement by Retinal Society Lecture: 


Surgical Intervention in Pri- 


Paul R. Lichter, M.D. 


Registration Information: 


Practicing Ophthalmologists: $350 
Retired Physicians: $100 
Ophthalmology Residents & Fellows: $100 
Ophthalmic Technicians: $100 
Nurses: $100 
Location: 


Information on this course and other 
Continuing Medical Education courses; 
please write to the Development and 


Pigment Epithelium: Its 
mary Open Angle Glaucoma” Clinical Significance” 


“Thyroid Eye Disease — 
A Chameleon” 


Alan C. Bird, M.D., ER.C.S. Ronald M. Burde, M.D. 


Credits: 
14 AMA/CMA Credit Hours — Category I 
14 JCAHPO Credit Hours 
14 BRN Credit Hours; 
Provider Number 06342 


Doheny Eye Institute, 1355 San Pablo Street, Los Angeles, California 90033 


Public Affairs Office at the above address, 
or telephone 213/224-7718. 


(Continued trom p 2,73.) 
Hrs Instr: 1© Reg Fee: $350 ($300 AAOSE 
members) Sentact: Bascom Palmer Eye Inst, 
Box 01586£ Miami 33101; (305)326-6099 


Problem-Oriented Approach to Vitreous Surg At: 
| Miami Dates=2/27/89 to 3/1/89 Hrs Instr: 12.5 
(2 hrs for lab session Reg Fee: $350, $100 prac 
lab Contaet: Centinuing Education in Oph- 
thalmolozgyIrm, Bascom Palmer Eye Inst, Box 
015869, Mi=ni 33101; (305)326-6099 


Oculoplastic Spwate 1989 At: West Palm Beach 
Dates: 1/14 88 te 1/15/89 Hrs Instr: 9 Reg Fee: 
$215 Spenm=>r Good Samaritan Health Sys- 
tems Inc Cansaet: Laura Lyons, Box 024308, 
West Palm 3each 33402-4308; (407)655-5511 


HAWAII 


Tenth Ann Ray@ Hawaiian Eye Mtg At: Kauai 
Dates: 1/1485 to 1/21/89 Sponsor: Hawaiian 
Eye Foundostact: RHEM ’89, Mary Charles 
& Associate. B34 S King St, Suite 205, Hono- 
lulu 96826; (208)942-96a5 


ILLINOIS 


Glaucoma Marac=ment for the 90s At: Chicago 
Dates: 11/453€ te 11/5/88 Sponsor: Dept of 
Ophthalmol, Uxivof Illinois at Chicago Coll of 
Med Contac= Sue Talbert, UIC Conf & Inst, 
M/C 607, 92 S Woed St, Chicago 60612; 
(312)996-4531 


Phacoemulsificatian Workshop At: Ch icago 
Date: 11/5/8= Spensor: Dept of Ophthalmol, 
Univ of Illinsisat Chicago Coll of Med Con- 
tact: Sue Talent, UIC Conf & Inst, M/C 607, 
912 S Wood &, Chicago 60612: (312)996-4631 


Current Concegts:in Pneumatic Retinopexy At: 
Chicago Date=: 2/10/88 Hrs Instr: 7 Reg Fee: 
$195 Contact=Swee Talbert, Senior Prgm Coor- 


The 


Cullen 
Course 


89 


GA 


Clinical Advances in 


Ophthalmology 
for the 
Practicing 


Ophthalmologist 
March 17-19, 1989 





dinator, The University of Illinois, Conf and 
Inst, 2nd Floor N, 912 S Wood St, Chicago 
60612; (312)996-4631 


LOUISIANA 


38th Ann Symp on Pediatric Ophthalmol, Stra- 
bismus, & Oculoplastic Surg At: New Orleans 
Dates: 3/3/89 to 3/5/89 Hrs Instr: 22 Reg Fee: 
$350 prac phys ($400 after 1/1/89) Contact: 
Emily Busby, New Orleans Academy of Oph- 
thalmol, Eye, Ear, Nose & Throat Hosp, 2626 
Napoleon Ave, Suite 2076, New Orleans 70115; 
(504)899-9955 


MARYLAND 


Fourth Ann Univ of Maryland Contact Lens 
Symp At: Baltimore Dates: 10/27/88 to 10/ 
29/88 Contact: Prgm of CME, Univ of Mary- 
land Sch of Med, 10 S Pine St, Baltimore 21201; 
(301)328-3956 


Management of Complicated Retinal Detach- 
ments At: Baltimore Date: 11/4/88 Hrs Instr: 
Available Reg Fee: $175 prac phys, $90 resi- 
dents & fellows Contact: Prog Coord, Office of 
CME, The Johns Hopkins Med Inst, Turner 22, 
720 Rutland Ave, Baltimore 21205; (301)955- 
2959 


First Ann Wilmer Inst Current Concepts in Oph- 
thalmol At: Baltimore Dates: 12/8/88 to 12/ 
10/88 Hrs Instr: Available Reg Fee: $250 prac 
phys, $200 residents & fellows Contact: Prgm 
Coordinator, CME, The Johns Hopkins Med 
Inst, Turner 22, 720 Rutland Ave, Baltimore 
21205; (301)955-2959 


MASSACHUSETTS 


External Regulation & Risk Management At: 
Boston Date: 10/22/88 Contact: Harvard Med 
School, Dept of CME, Boston 02115; (617)732- 
1525 


Milton Boniuk, M.D. 

Jared M. Emery, M.D. 

Ronald L. Gross, M.D. David W. Parke. II. M.D. 

M. Bowes Hamill, M.D. 
Dan B. Jones, M.D. 

Douglas D. Koch, M.D. Gunter K. vonNoorden.M.D. 

Richard Alan Lewis, M.D. 


ere es 

For further information contact: 

Carol J. Soroka 
The Office of Continuing Education 

Baylor College of Medicine 
One Baylor Plaza 
Houston, Texas 77030 
(713) 798-6020 


Neurology of the Anterior Visual Pathway At: 
Boston Date: 12/17/88 Contact: Harvard Med 
School, Dept of CME, Boston 02115; (617)732- 
1525 


MICHIGAN 


Twelfth Ann Ophthalmol Rev Course At: Detroit 
Dates: 3/9/89 to 3/14/89 Reg Fee: $550 prac 
phys, $400 residents & fellows Sponsor: 
Kresge Eye Inst Contact: Div of CME, Wayne 
State Univ Sch of Med, 4201 St Antoine, 4H-2, 
Detroit 48201; (313)577-1180 


MINNESOTA 


Twelfth Ann Current Trends in Ophthalmol At: 
Minneapolis Date: 11/19/88 Contact: Susan 
Allen, Phillips Eye Inst, Metropolitan-Mount 
Sinai Med Ctr, 2215 Park Ave S, Minneapolis 
55404; (612)872-5308 


NEW YORK 


Aesthetic Oculoplastic Surg: Current Concepts 
At: New York Dates: 11/3/88 to 11/5/88 Reg 
Fee: $750 prac phys, $375 residents Contact: 
Francine Leinhardt, Course Coordinator, Man- 
hattan Eye, Ear & Throat Hosp, 210 E 64th St, 
New York 10021; (212)838-9200, ext 2776 


1988 Glover-Lisman Professorship At: New 
York Dates: 11/10/88 to 11/12/88 Guest 
Speaker: Simmons Lessell, MD Contact: Mar- 
tha Klapp, Manhattan Eye, Ear, & Throat 
Hosp, 210 E 64th St, New York 10021; (212)605- 
3762 


State of the Art Contact Lens Fitting Course & 
Workshop At: New York Dates: 12/9/88 to 
12/10/88 Hrs Instr: 16 Reg Fee: $200 Contact: 
Jane Stark, Registrar, Post Graduate Inst, 
New York Eye & Ear Infirmary, 310 E 14th St, 
New York 10003; (212)598-1430 or 598-1313 

(Continued on p 1477.) 


The Houstonian Hotel 
and Conference Center 
111 North Post Oak Lame 
Houston, Texas 77024 








Cullen Eye Institute 
Faculty 








Alice Y. Matoba, M.D. 
John A. McCrary, M.D. 


James R. Patrinely, M.D. 
Paul G. Steinkuller, M.D. 


Kirk R. Wilhelmus. M.D. 
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YOU KNOU, ROBERTS, 

IT WASN'T MY IDEA TO HIRE YOU. 
IM NOT IN BUSINESS TO DO FAVORS. 
TVE GOT BUILDINGS TO PUT UR 


ALOHA! 


its time to register for the 
10th Annual Royal Hawaiian Eye Meeting 
January 14 - January 21, 1989 





THE WESTIN K AUAI 
Kauai Lagoons 
The largest public eye meeting in the country! Now 11 fabulous sessions, plus 
optional workshops and conferences. 


pin 
Saturday, January 14 LOOK AT THIS 


REGISTRATION 


Sunday, January 15 FACU LTY! 
OPHTHALMOLOGY MANAGEMENT: Herve M. Byron, M.D. m 
An all-star cast covers marketing, management, advertising, etc. 

Borover, M. Byron, Corboy. Fenzl, Gimbel, Hirsch, Hirschman, Hull, Jacobs. Johnson, Kolker, 4 
Longstreth, Maller. McIntyre. Romansky, Rosen. Shelton. Shepard. Talent. Tennant. Thornton 


WELCOME RECEPTION sponsored by Hawaiian Eye Foundation. | 


Monday, January 16 *ANNUAL OPHTHALMIC CLASSIC * 
VITREO-RETINAL DIAGNOSIS & MANAGEMENT FOR THE 
GENERAL OPHTHALMOLOGIST: H. Richard McDonald, M.D./Howard Schatz, M.D. 
A practical update including clinical angiography review. 
Tuesday, January 17 
EYE CARE MISSIONS: Stephen S. Chang, M.D. 
The whos, whats, wheres, and hows of these Third World missions. 


WHAT'S NEW IN OPHTHALMOLOGY: John D. Hunkeler, M.D. 
Criucal evaluation of new developments and trends 

GLAUCOMA UPDATE: Allan E. Kolker, M.D. 

Current status of diagnosis. management. and new treatment methods 


Wednesday, January 18 
PERSONAL LIFESTYLE MANAGEMENT: Stephen N. Hull, M.D. 






OH, Z TOOK YOU ON, SURE, AUT 
I NEVER BELIEVED YOU COULD 
MAKE IT. BACKBREAK ING WORK, 
ROTTEN WEATHER... 






BUT YOU DO GOOD 


ee ean NOAA Jie I How your peers manage time. diet. fitness. family. drugs. money. stress 
TKNOW YOULL BE “ASA 1988's most highly rated session: dont miss this one! ~ 


A GOOD FOREMAN. CHANCE, 





Thursday, January 19 
REFRACTIVE SURGERY: Richard L. Lindstrom, M.D. 
More news on latest advances and techniques. Fenzl. Steinert. Thornton 
CONVERTING TO PHACO; SMALL INCISION LENSES: William F. Maloney, M.D. 
Are you ready for the revolution? What you need to know. Corboy. Fishkind. Michaelson 


Friday, January 20 
COMPLICATIONS OF CATARACT AND LENS IMPLANTATION: Robert H. Osher, M.D. 
Special video forum presenting pre-, intra-, and postoperative challenging patients to a panel 
of outstanding cataract surgeons. 


PHILIP M. CORBOY EXCELLENCE AWARD: William H. Havener, M.D. 
Sponsored by Storz/Coburn 
Saturday, January 21 
AMBULATORY SURGERY UPDATE: Albert C. Neumann, M.D. 
The latest in quality control, peer review, regulations, and reimbursement. 
Chamberlain, Fenzl, Maller, Mcintyre, Romansky, Tennant. 
OCULOPLASTIC SURGERY FOR THE CATARACT SURGEON: Orkan Stasior, M.D. 
Lids, lids, and more by the leaders in this field. 
PLUS: Elective Workshops: How to Write a Paper (Sanders), Working wiih a Marketing Consultan 


Everybody deserves 







a chance to (Talent); 1990's Management and Marketing (Hirsch), Phaco Wetlab (Maloney); Tax and Pension 
. ° (Brant); Fields Analysis (Mills); Painless Awake Anesthesia (Hustead); Brow/Lid Pigmentation (Axelrod): 
make iton their own. Refractive Surgery Protocol (Lindstrom); OR and ASC Efficiency (Broadhurst); Using Computers to 


Increase Productivity (Spencer); Dry Eye Diagnosis and Treatment (Rashid). Networking with Your 
Senior Community (Furlong); and more' 

Banyan Tree: Poolside chats with the day's speakers sponsored by Allergan. 

The Westin Kauai “Super Resort” is right on Kalapaki Beach and is surrounded by lagoons and 


private golf courses, with a tennis and sports complex, and over a dozen restaurants. Waimea Canyon, 
the Na Pali Coast, helicopter and boat excursions are just a few of Kauai s atiractions. 


IMPROVED! ALLIED HEALTH PERSONNEL: Dennis Shepard, M.D. & Peggy Schenk, R.N. 


NEW! ADMINISTRATIVE PERSONNEL PROGRAM: William A. Borover 
A week-long program for both front and back office personnel. Choose the sessions that best suit your 


The National Urban League is 
dedicated to achieving equal 

opportunity for all. And you can 
help. Contact your local Urban 
League or write: 








needs. Write for program outline today! $ 
. AGAIN! SPECIAL SPOUSES NON-CREDIT PROGRAM 
National Urban League À i 
500 East 62nd Street CH. oe CF aes ogden gi. 
New York, N.Y. 10021 @ a wailaly’ ve c/o Mary Charles & Associates 
FOUNDATION 2334 S. King Street, Suite 205 
John M. Corboy, M.D. Honolulu, HI 96826 






Ag A Public Service of This Magazine (808) 942-9655 
Ganci & The Advertising Council 


1476 Don't miss this chance you've been waiting for Space limited to first 800 registrants. 


Meeting Director 


(Continwec from p 1475.) 
'NORTH®CAROLINA 


Univ of North Carolina Ophthalmol Residents’ 
Day At: Chapel Fill Date: 12/3/88 Contact: 
Baird S. Grimson MD, Dept of Ophthalmol, 
CE 7040, 517 Elin Sci Bldg, Univ of North 
Carolina, Chapel Hill 27599-7040; (919)966- 
5295 


PENNSYLVANIA 


Eye Emergencies: What Emergency Room & 
Primary Phys Neee to Know At: Philadelphia 
Date: 10/22/88 Hrs instr: 6 Reg Fee: $85 Spon- 
‘sor: Scheie Eye Inst Contact: Mary Allegrini, 
5l N Ith St, Philadelphia 19104; (215)662- 
8119 


Seventh Bienaial Cornea Conf: A Prac Approach 
to Corneal & Extemai Diseases At: Philadel- 
phia Dates: 11/4/88 to 11/5/88 Hrs Instr: 11 
Sponsor: Wills Eye Hospital Contact: Lucia 
M. Manes, Conf Ceordinator, Dept of CME, 
Wills Eye Hospital, Ninth & Walnut Sts, Phil- 
adelphia 19307; (2158%928-3378 


Low Vision Symp At: Philadelphia Date: 11/5/88 
Hrs Instr: 5 Feg Fee-$125 Sponsor: Scheie Eye 
Inst Contact: Mary Allegrini, 51 N 39th St, 
Philadelphie 19104; 215)662-8119 


TEXAS 


Welsh Cateraet Cencress 1988 At: Houston 
Dates: 11717/88 to 11/19/88 Contact: Eula 
Mae Childs, Cullen Zye Inst, Baylor Coll of 
Med, 6502 Fannin (NC200), Houston 77030; 
(713)799-5941 


Contact Lens Technology Course At: Houston 
Dates: 12/1/28 to 12,3488 Reg Fee: $275 Con- 
tact: Bette Burkett, Contact Lens Tech Course, 
Cullen Eye Inst, Baytor Coll of Med, Houston 
77080; (793) 799-5985 





THEMES 


Cataract and Impiant Surgery / Innovations in Contact Lenses 
Xeralorefractive Surgery / Oculo Plastic Surgery 


FACULTY 


Or. Led Bores Phoenix 

Dr. C.Bechħer , Fort Lauderdale 
Dr. J. P. Demers, Morrreal 

Dr. Miles Galia, New York 

Dr. Marvin Kwetko, Mostreal 

Dr. Raber: Wesh, Miami 

Dr. CharlesiKelman. New York 
Dr. Lewis Darn Miami 

Dr. J. P. Chartand, Mentreal 


SPECIAL PROGRAMS 
—  Extracapsular and phakoemulsification live demonstration at 


local hosəital. 


—  Phakoemulsifieaton/ Implant Wet Lab — Instruments provided 


Dr. Leeds Katzen, Baltimore 

Dr. J. S. Pannu, Fort Lauderdale 
Dr. M. Patipa, W. Palm Beach 
Dr. K. Buzard, Las Vegas 

Dr. Harold Sawelson, Miami 

Dr. James Hayes, Atlanta 

Dr. Penny Asbell, New York 

Dr. Geoffrey Kwitko, Detroit 

Dr. F. Weinstock, Canton 


Clin Adv in Ophthalmol for the Prac Ophthalmol- 
ogist At: Houston Dates: 3/17/89 to 3/19/89 
Contact: Carol J. Soroka, Office of Continuing 
Education, Baylor Coll of Med, One Baylor 
Plaza, Houston 77030; (713)798-6020 


WEST VIRGINIA 


Office Practice in Ophthalmol At: White Sulphur 
Springs Dates 10/21/88 to 10/22/88 Contact: 
CME, Georgetown Univ Med Ctr, 3800 Reser- 
voir Rd NW, Washington, DC; (202)687-8735 


WISCONSIN 


Current Concepts in Ophthalmol At: Milwaukee 
Date: 11/4/88 Contact: Linda Terry, The Eye 
Inst, 8700 W Wisconsin Ave, Milwaukee 53226; 
(414)257-5102 


FOREIGN 


Fifth Internati Retinitis Pigmentosa Congress 
At: Melbourne Dates: 11/4/88 to 11/7/88 Con- 
tact: RP Congress Office, Australia, 46A Oxley 
Rd, Hawthorne, Victoria 3122, Australia; 
(03)819-6590 


Thirteenth Ann Pediatric Ophthalmol Day At: 
Montreal Date: 10/21/88 Guest Speakers: 
David H. Abramson, Brenda Gallie Contact: 
Jean Milot, Dept of Ophthalmol, Hôpital 
Sainte-Justine, 3175 Côte Sainte-Catherine, 
Montreal, Quebec, Canada PQ H8T 105; 
(514)345-4931 


Fifteenth Ann Mtg Canadian Implant Assn At: 
Montreal Dates: 6/2/89 to 6/3/89 Contact: 
Marvin L. Kwitko, MD, Prgm Chairman, 5591 
Côte des Neiges Rd, Montreal, Quebec, Canada 
H3T 1Y8; (514)735-1133 


Pediatric Ophthalme! Cruise Sem At: Western 
Caribbean (Tampe, Playa Del Carmen, Cozu- 
mel, Ocho Rios, Grand Cayman Dates: 1/14/89 
to 1/21/89 Contact: Kenneth W. Wright, MD, 


DECEMBER 27, 28, 29, 1988 


FLORIDA WINTER WORKSHOP 
SIXTH ANNUAL MEETING 
will be held in the 
DIPLOMAT RESORT HOTEL 
3515 South Ocean Drive 
Hollywood Florida 33019 USA 


Childrens Hosp of Los Angeles, Div of Oph- 
thalmol, 4650 Sunset Blvd, Los Angeles, CA 
90027; (213)669-2513 


Clin Ophthalmol Symp At: Hong Kong Dates: 
12/2/88 to 12/4/88 Contact: Patriek C P Ho, 
c/o Secretariat Office: Room 810-814 Wing On 
Plaza, 62 Mody Ed, Tsimshatsui E, Kowloon, 
Hong Kong, Telex: 45861 PDT HX; Fax: 852- 
3-695687 


Indian Intraocular implant Soc Convention At: 
Madras, India Dates: 1/4/89 to 1/5/89 Con- 
tact: Dr Chander Nereor, Organising Secy, Dr 
Agarwal’s Eye Inst, 13 Cathedral Rd, Madras 
600 086, India 


Forty-seventh All india Ophthalmol Conf At: 
Madras, India Dates: 1/6/89 to 1/10/89 Con- 
tact: Dr J. Agarwal, Gen Secy, All India Oph- 
thalmol Soc, Dr Agarwal’s Eye Inst, 13 Cathe- 
dral Rd, Madras 600 086, India 


Internati Congress an Ocular Trauma (Anterior, 
Posterior, & External Segments) At: Tel-Aviv, 
Israel Dates: 2/19/89 to 2/24/89 Co-Chairper- 
sons: G. Treister (Israel), B. Glaser (USA) 
Contact: The Secretariat, Internatl Congress 
on Ocular Trauma, Box 50006, Tel-Aviv 61500, 
Israel; (03)654571 


Puerto Rico Ophthaimo! Soc Ann Ophthalmol 
Convention At: San Juan Dates: 11/10/88 to 
11/13/88 Hrs Instr: 15 Contact: Victor M Diaz 
Bonnet, MD, Box 1184, Hato Rey, Puerto Rico 
00919; (809)765-9470 


Eleventh Ann Wilmer Inst Current Concepts in 
Ophthalmol At: Dorado, Puerto Rico Dates: 
2/19/89 to 2/26/89 Hrs Instr: 30 Reg Fee: $475 
prac phys, $325 residents & fellows Contact: 
Prgm Coordinator, CME, The Johns Hopkins 
Med Inst, Turner 22, 728 Rutland Ave, Balti- 
more, MD 21205; (301)955-2959 





(305) 457-8111 
Fees 
Ophthalmologists $250.00 
After December 1, 1988 $300.00 


Nurses 
Students 
Residents 


_—e — ee ee eee ee 
ed ed Eel Re Reel Geel See 


Senior Ophthalmologists (over 65 yrs.) $150.00 
Phakoemulsification / Implant Wet Lab $500.00 


$75.00 
$25.00 
$75.00 


(With letter from Chief of Service) 
Assume confirmation with your cancelled check. Official receipt will be 


issued at meeting. 


ee ee ee 


SYMPOSIUM REGISTRATION FORM 


Retum this form with cheque payable to the “Pan American Implant Association” to: 
Dr. M.L. Kwitko, Program Chairman 


—  Disposatee (“Thraw away”) contact lens workshop with 


audience-partieipatien. 


— Registered participants are invited to present papers on the 


themes o the meeting 


Name 
Address 
State 


5591 Côte des Neiges Road, Suite #1 
Montreal, Canada H3T 1Y8 
Phone: 1-514-735-1133 


Specialty 
City 
Postal Code 
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Youve got a ticket to ríde 


in New Oteans 





NEW ORLEANS 
ACADEMY OF OPHTHALMOLOGY 
38th Annual Symposium On 


PEDIATRIC OPHTHALMOLOGY, 
STRABISMUS and 
OCULOPLASTIC SURGERY 


Accredited by ACCME as a sponsor of Continuing Medical Education for 
Physicians. A.M.A. 22 Hour Accredited Course for Category I. 


March 3-5, 1989 New Orleans, LA 


GUEST SPEAKERS 


Richard Anderson, M.D., Salt Lake City, UT 
Joseph C. Flanagan, M.D., Philadelphia, PA 
Eugene Helveston, M.D., Indianapolis, IN 
John S. Kennerdell, M.D., Pittsburgh, PA 
Burton J. Kushner, M.D., Madison, WI 
David Taylor, M.D., London, England 


TOPICS 
Pediatric Ophthalmology and Strabismus 


Nystagmus; The blind infant/retinal dystrophy; Systemic 
association of optic nerve disorder/optic neuropathies; Congenital 
cataract; Paralytic strabismus; Restrictive strabismus; Approach 
to re-operations; DVD; Torsion; Factors affecting poor 
surgical outcome: Horizontal strabismus; Adjustable sutures; 
Retinopathy of prematurity 


Oculoplastic Surgery 


Orbital imaging techniques; Surgical approaches to the orbit, 

and Fine needle aspiration biopsy; Orbital decompression techniques 
in severe thyroid eye disease; Therapeutic usage of the C02 
Laser in orbital disease; Surgical management of Ectropion 

and Entropion; Aponeurotic Ptosis surgery and the latest 
modifications; Eyelid surgery in thyroid eye disease; Management 

of Benign Essential Blepharospasm; Techniques for DCR (include 
variations for pediatric age group); Frontalis suspension 
techniques for severe ptosis; Therapeutic usage of the contact 
Yag laser in orbital disease; Cosmetic Blepharoplasty. 


REGISTRATION FEE: 


Practicing Ophthalmologists, Advance Registration 
$350.00 (Received prior to January 1, 1989) U.S. Currency 
Registrations Received after January 1, 1989 $400.00 U.S. Currency 
No Charge for Residents With Letter from Chief of Service 


CANCELLATION FEE: 
$25.00 if received prior to January 1, 1989 $75.00 if received after January 1, 1989 


MAIL TO: 
Emily Busby, New Orleans Academy of Ophthalmology 
Eye, Ear, Nose & Throat Hospital 
2626 Napoleon Ave., Suite 2076 
New Orleans, LA 70115 (504) 899-9955 


Spouses’ Tours, President’s Reception, Cocktail Buffet 
89 Technical Exhibit Spaces Available 





Announcing the 15th Annual 


FRONTIERS IN 
OPHTHALMOLOGY 


a continuing medical education seminar 
to be held 


February 9, 10 and 11, 1989 


at the famed 
Red Lion’s La Posada Resort 
Scottsdale, Arizona 





Topics and faculty members will include: 


CATARACT: Robert C. Drews, M.D., Washington University 
School of Medicine, St. Louis è CORNEA: James P. 
McCulley, M.D., University of Texas Southwestern Medical 
Center, Dallas è GLAUCOMA: Robert N. Weinreb, M.D., 
University of California at San Diego è NEURO- 
OPHTHALMOLOGY: William T. Shults, M.D., Oregon Lions 
Sight and Hearing Institute, Portland @ OCULOPLASTIC 
RECONSTRUCTIVE SURGERY: Henry 1. Baylis, M.D., 
University of California at Los Angeles @ RETINA: Jerry A. - 
Shields, M.D., Wills Eye Hospital, Philadelphia 


Sponsored by 
St. Luke’s Medical Center, 
and Prentice Eye Institute, Phoenix 


Edward L. Shaw, M.D. Seminar Chairman 


Category | C.M.E. credit will be awarded by St. Joseph's Hospital 
and Medical Center, Phoenix 


For additional information, contact: 
Christine Campbell, Campbell Meeting Management, 
4659 S. Lakeshore Drive, Suite D, Tempe, Arizona 85282 

(602) 838-6728 


MARICOPA MEDICAL CENTER 
DEPARTMENT OF OPHTHALMOLOGY 


PRESENTS 


ADVANCEMENTS IN 
OPHTHALMIC PLASTIC SURGERY 
SYMPOSIUM 


JANUARY 19, 20, 21, 1989 
AT 


THE PHOENICIAN 


GOLF AND TENNIS RESORT, SCOTTSDALE, ARIZONA 


NATIONALLY KNOWN FACULTY 
WILL DISCUSS STATE-OF-THE-ART 
PATIENT MANAGEMENT ON TOPICS 
SUCH AS: 
+ Orbital Tumors and Diseases 
+ Enucleation and the Anophthalmic Socket 
- Nasolacrimal Duct Obstruction San Antonio, Texas 
Blepharoplasty Richard D. Lisman, M.D., 
+ Eyelid Reconstruction New York, New York 
*Ptosis * Thomas C. Naugle, Jr., M.D., 

RMA New Orleans, Louisiana 
print tt i vegan a - Jay Justin Older, M.D., Tampa, Florida 
Mr. Richard Henn * Byron C. Smith, M.D., New York, New York 
Maricopa Medical Center FEE: 
P.O. Box 5099 « Phoenix, Arizona 85010 Attending Physicians 
(602) 267-5414 confi | Residents, Fellows 


FACULTY: 

«Steven M. Gilbard, M.D., Phoenix, 
Arizona, Program Chairman 

- Stephen P. Beals, M.D., Phoenix, Arizona 

. John Hodak, M.D., Phoenix, Arizona 

«Charles R. Leone, Jr., M.D., 
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FIFTY-EIGHTH ANNUAL 
MID-WINTER OPHTHALMOLOGY CLINICAL CONFERENCE 


Sponsored by the 


RESEARCH STUDY CLUB OF LOS ANGELES 


Friday to Sunday e February 10-12, 1989 
Moseley/Salvatori Conference Center 
637 South Lucas, Los Angeles, California 9001 7 


GUEST FACULTY 
CARMEN A. PULIAFITO, M.D.. Boston, MA 
DAVID J. SCHANZLIN, M.D., St. Louis, MO 
FREDERICK A. JAKOBIEC, M.D., New York, NY 
WILLIAM F. MALONEY, M.D., Vista, CA 


The three-day'scientific program is designed for the ophthalmologist in clinical practice to provide an update on recent 
developmentsin the specialty. The program format consists of lectures, panel discussions, and luncheon question and 


JAMES SALZ, M.D., Program Chairman 
ANTHONY NESBURN, M.D., Co-program Chairman 


Registration fee: $295 for practicing physicians if received before January 1, 1989; $350 after that date. 
(Military physicians pay the same fee as practicing physicians) 
$160 for resident physicians, retired physicians 


For further information on registration, hotel reservations, or exhibits, contact: 
Ms. Louise Ball, Executive Secretary 
P.O. Box J, South Pasadena, CA 91030-0590, or call (213) 680-2387 


42 th Annual 
OPHTHALMOLOGY REVIEW COURSE 
March 9-14, 1989 
KRESGE EYE INSTITUTE, WAYNE STATE UNIVERSITY SCHOOL OF MEDICINE 
COURSE DIRECTORS 
FRANK A. NESI, M.D. THOMAS C. SPOOR, M.D. 


OPTICS / REFRACTION 
NEURO-OPSTBALMOLOGY 








OCULAR PATRBOLOGY 





TUITION: $550 Practicing Ophthalmologists * $400 Residents and Fellows 


Fee includes ecurse syllabus, daily coffee breaks and lunch. The KEI Basic and Clinical Review Course is an intensive six-day 
course designed to provide a comprehensive current review of ophthalmology. The content and design of the course 
assures its usefunessas a review for the practicing ophthalmologist and as a review and supplement to residency training. 


FOR MORE INFORMATION CONTACT: 
Division of Continuing Medical Education 
Wayne State University School of Medicine 
4201 St. Antoine, 4H- 2 


Detroit, Michigan 48201 Wayne State University 
SITS G NO School of Medicine 


KRESGE EYE INSTITUTE 
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WAYNE STATE UNIVERSITY 


David L. Guyton, M.D. 
John A. McCrary, IIl, M.D. 
GLAUCOMA David K. Dueker, M.D. 

Ralph C. Eagle, Jr., M.D. 
PHARMACOLOGY Joel S. Mindel, M.D. 
OCULAR MOTILITY Albert W. Biglan, M.D. 
RETINA ANC VITREOUS Michael Trese, M.D. 
IMMUNOLOGY AND UVEITIS mar ~ae o ý VNO J. Dinning, MD., F.R.C:S. 
CORNEAL AND EXTERNAL DISEASES 


Bartly J. Mondino, M.D. 
OCULOPLASTI=, ORBITAL, AND J | EE SN Sree aor NP *: Thomas C. Spoor, M.D. 


and Frank Nesi, M.D. 
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Portrait 
of the Great American Investor 
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E RIER EATEN RAVENS BOND sa fa ay ee, A 
ES ( e . > Plus, Bonds are free from 


state and local income tax. 
What’s more, they re easy 
to buy. You can purchase 
Bonds at most banks or 
through payroll savings at 
work 


You can tell by looking at 
him that he believes in 
working hard. And he 
expects his investments to 
do the same. Thats why 
he puts his money in 

U.S. Savings Bonds. 

From Main Street to Wall 
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Whether you're investing 


Street, people all over America are discovering $25 or $5,000, buying U.S. Savings Bonds today 
that Bonds have changed. And they're now the is one of the smartest moves you can make. 
Great American Investment. Now that Bonds pay a competitive return, it’s 
It’s easy to see why. When held for five years or easy to become a Great American Investor. 
more, Bonds pay competitive rates, like money Find out more, call anytime 1-800-US-BONDsS. 


market accounts. So you make the most of your 


money, without having to work at it. 
F se 


U.S. SAVINGS BONDS 


THE GREAT AMERICAN INVESTMENT 




















Bonds held less than five years earn a lower rate A public service of this publication. 
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THE BASCOM PALMER EYE INSTITUTE—UNIVERSITY OF MIAMI 
SCHOOL OF MEDICINE—DEPARTMENT OF OPHTHALMOLOGY 
announces the 26th annual 


NEURO-OPHTHALMOLOGY COURSE 


Sheraton Royal Biscayne Hotel—Key Biscayne, Miami, Florida 
December 8-10, 1988 


Faculty 
Alan C. Bird, M.D. Simmons Lessell, M.D. 
Ronald M. Burde, M.D. John A. McCrary, M.D. 
Robert B. Daroff, M.D. Neil R. Miller, M.D. 
Noble J. David, M.D. Norman J. Schatz, M.D. 
Joel S. Glaser, M.D. J. Lawton Smith, M.D. 
William F. Hoyt, M.D. Robert M. Tomsak, M.D. 


This program is designed for practitioners of Ophthalmology, Neuro-ophthalmology, Neurology, and Neurosurgery. The meeting 
focuses onmeentroversial clinical issues, new developments and recent advances in several scientific areas. Registration is $325 for 
practitioners and $100 for residents and fellows upon application from their Department head. Please make checks payable to: 
“Continuing Education in Ophthalmology, Inc.” and mail to Bascom Palmer Eye Institute, P.O. Box 015869, Miami, Florida 33101. 
Telephone: 205/326-6099. 


The University of Miami School of Medicine is accredited by the Accreditation Council for Continuing Medical Education (ACCME) 
to sponsor esntinuing medical education for physicians. The University of Miami School of Medicine designates this continuing 
medical education activity for 10 credit hours in Category 1 of the Physician's Recognition Award of the American Medical 
Association. 


A limited number of free papers will also be presented, and those who desire to present a short paper at the meeting should submit 
a one page typec abstract to: Joel S. Glaser, M.D., P.O. Box 016880, Miami, Florida, 33101. 


If this looks to you 
like a goose on roller skates, 
you could be going blind. 


No, there's nothing wrong with your vision. 

But there could be something wrong with your eyes. 

You could have an eye disease serious enough to blind 
you, and not even know it. The leading cause.of blindness in 
adults, glaucoma, has no symptoms in early staves. 

There is no cure. But there is hope. 

you can stop glaucoma from advancing (and many 
other eve diseases from happening in the first place) by 
seeing an eye doctor at least every two years: 

Remember, no one can save your sight but you. 


National Society to Prevent Blindmess 
Box 2020, Madison Square Station, New York, NY. 10189 
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George D. Lundberg, MD 


Editor 
The Journal 0 


Journal of the Am 
On July 14, 1083 Te sooth birthday. | had the great good 


lebr 
As we planned the ce 
activities were offered by t l 
Among these was the idea 
the history of medicine in the 


Association celebrate 


life of The Journal. 


Lester S. King, MD, the author of 
i rto 

vignettes, Is NO strange 
a served as editor of the 


| ; rn i 
“book issues” Of tae ely respected and make this 


dition a fitting tribute to the 


in medical history 
of The Journal. 


| wish to extend my thanks to Dr. King f 


i dv 
| hope you will take a 
birthday celebration for 


Copies @$11.00each  $— 


To order by phone with Visa 
| or MasterCard, call toll free 
| 4-800-621-8335. In Illinois 

call collect 312-645-4987. 


| Or complete and mailto... 
Book & Pamphlet Fulfillment, OP-184 
American Medical Association 
PO. Box 10946 
Chicago, IL 60610-0946 


| 

| 

| 

| 

| Name 
| Address 
| 


City 


American Medicine 
Comes of Age 
-1840-1920 


Lester S. King, MD 





2 American Medical Association 


f the American Medical As 


ation, m 


antage 
The Journal. 









sociation 


erican Medical 


400th birthday 


or his achievement. 
of this opportunity to share in the 








Less 20% AMA Members $ 


Plus appropriate Sales Tax for 
residents of CA, DC, IL& NY $ 


C Enclosed is my check payable 
to the American Medical Association 


O MasterCard [O Visa 
Card No. 
Expiration Date Phone 


Cardholder signature 


e Please allow 4-6 weeks for delivery. 
e Prices subject to change without notice 
e Quality discounts — 312-280-7168. 


Presenting... 


American Medicine 
Comes of 
1840-1920 


The collected essays marking the centennial celebration of 
The Journal of the American Medical Association. 
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Table of Contents 
E The British Background for American 
Medicine 
E Medical Education: The Early Phases 
WE Medical Sects and Their Influence 
E The Founding of the American Medical 
Association 
E The ‘Old Code’ of Medical Ethics and 
Some Problems It Had to Face 
E Medical Education: The AMA Surveys 
the Problems 
E The Painfully Slow Progress in Medical 
Education 
E Germ Theory and Its Influence 
E The AMA Gets a New Code of Ethics 
E The Changing Scene 
WE Medicine Seeks to Be ‘Scientific’ 
E Clinical Laboratories Become Important, 
1870-1900 
E The Founding of JAMA, 1883 
@ Medical Journalism, 1847-1883 
E Clinical Science Gets Enthroned: Part | 
E Clinical Science Gets Enthroned: Part II 
WE Medical Education: Elitism and Reform 
E Medical Education: The Problems Intensify 
E Medical Education: The Decade of Massive 
Change 
E The Flexner Report of 1910 
WE Medical Practice: Specialization 
WE Medical Practice: Making a Living 
E The Automobile Makes an Impact 
E The Continuity of History 
Format: 8%” x 10%", 115 pages, detailed 
bibliographic notes, soft bound, ISBN 
0-89970-177-9 





The Author 
Lester S. King, MD 





Dr. King’s other books on medical history and 
philosophy include: The Growth of Medical 
| Thought (1963), The Road to Medical En- 
| lightenment (1970), The Philosophy of Medi- 

cine (1978), Medical Thinking: A Historical 
Preface (1982). 


| To add a copy of this special collection of es- 


Fa says to your personal library, mail the order 


certificate at the left. 
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Vitreoretinal Position 


A full-time, probationary assistant professorship, tenured associate or tenured 
professorship in ophthalmology is open January 1, 1989 at the University of 
Minnesota. Probationary assistant professor: M.D. required. 
Demonstrated involvement in quality research accepted or published in peer- 
reviewed journals. Tenured associate professor: M.D. required. 
Professional distinction in research and writing and demonsirated effective- 
ness in teaching and advising. Tenured professor: M.D. required plus 
national reputation in research and evidence of leadership in candidate's 
professional field. Minimum academic preparation and experience: 
Completion of ophthalmology residency plus a one-year vitreoretinal 
fellowship. Board certified in ophthalmology. Demonstrated research 
capability. One to five years experience in the treatment and surgery of 
vitreoretinal disease. 


, Last day for receipt of applications: November 30, 1988 
WERE Beginning Date: J 1, 1989 
FIGHTING FOR oe R 
YOUR LIFE Send resumes to: William H. Knobloch, M.D. Chairman, Search Committee, 


Department of Ophthalmology, 516 Delaware St. SE, Minneapolis, MN 55455. 
X _ A The University of Minnesota is an equal opportunity educator and employer 

American er ~ ’ and specifically invites and encourages applications from women and minorities. 
Association 
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ENCOURAGE COMPLIANCE. 
PROPINE” WITH C CAP™ 
Propine with C Cap encourages proper dosing by: 
e Tracking next dose to be taken, and 


* Minimizing confusion for patients on multidose 
therapy or multiple medications. 


PROPINE*(dipivefrin HCl) 


sterile ophthalmic solution, USP, 0.1% with 
TM 
C CAP Compliance Cap B.I.D. 


INDICATIONS: Propine (dipivefrin HCI) is indicated as initial therapy 
for the control of intraocular pressure in chronic open-angle glaucoma. 
Patients responding inadequately to other antiglaucòma therapy may 
respond to addition of Propine. In controlled and open-label studies 
of glaucoma, Propine demonstrated a statistically significant intraocular 
pressure-lowering effect. Patients using Propine twice daily in studies 
with mean durations of 76-146 days experienced mean pressure reduc- 
tions ranging from 20-24%. Therapeutic response to Propine twice daily 
is somewhat less than 2% epinephrine twice daily. Controlled studies 
showed statistically significant differences in lowering of intraocular 
pressure between Propine and 2% epinephrine. In controlled studies 
in patients with a history of epinephrine intolerance, only 3% of patients 
treated with Propine exhibited intolerance, while 55% of those treated 
with epinephrine again developed intolerance. Therapeutic response 
to Propine twice daily therapy is comparable to 2% pilocarpine 4 times 
daily. In controlled clinical studies comparing Propine and 2% pilocar- 
pine, there were no statistically significant differences in the main- 
tenance of IOP levels for the two medications. Propine does not produce 
miosis or accommodative spasm which cholinergic agents are known 
to produce. The blurred vision and night blindness often associated 
with miotic agents are not present with Propine therapy. Patients with 
cataracts avoid the inability to see around lenticular opacities caused 
by constricted pupil. CONTRAINDICATIONS: Propine® should not be 
used in patients with narrow angles since any dilation of the pupil may 
predispose the patient to an attack of angle-closure glaucoma. This 
product is contraindicated in patients who are hypersensitive to any 
of its components. WARNING: Contains sodium metabisulfite, a sul- 
fite that may cause allergic-type reactions including anaphylactic 
symptoms and life-threatening or less severe asthmatic episodes in 
certain susceptible people. The overall prevalence of sulfite sensitivity 
in the general population is unknown and probably low. Sulfite sensi- 
tivity is seen more frequently in asthmatic than in nonasthmatic people. 
PRECAUTIONS: Aphakic Patients. Macular edema has been shown to 
occur in up to 30% of aphakic patients treated with epinephrine. Dis- 
continuation of epinephrine generally results in reversal of the 
maculopathy. Pregnancy: Pregnancy Category B. Reproduction studies 
have been performed in rats and rabbits at daily oral doses up to 10 
mg/kg body weight (5 mg/kg in teratogenicity studies), and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
dipivefrin HCI. There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproduction studies are 
not always predictive of human response, this drug should be used 
during pregnancy only if clearly needed. Nursing Mothers. It is not known 
whether this drug is excreted in human milk. Because many drugs 
are excreted in human milk, caution should be exercised when Propine 
is administered to a nursing woman. Usage in Children. Clinical studies 
for safety and efficacy in children have not been done. Animal Studies. 
Rabbit studies indicated a dose-related incidence of meibomian gland 
retention cysts following topical administration of both dipivefrin 
hydrochloride and epinephrine. ADVERSE REACTIONS: Cardiovascular 
Effects. Tachycardia, arrhythmias and hypertension have been reported 
with ocular administration of epinephrine. Local Effects. The most fre- 
quent side effects reported with Propine alone were injection in 6.5% 
of patients and burning and stinging in 6%. Follicular conjunctivitis, 
mydriasis and allergic reactions to Propine have been reported infre- 
quently. Epinephrine therapy can lead to adrenochrome deposits in 
the conjunctiva and cornea. 
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Multi-specialty group seeks board 
eligible/certified Ophthalmologist. 
Tremendous opportunity to help 
develop new department. Excellent 
guaranteed salary and benefits 
package with production incen- 
tives. Send C.V. to: 


Medical Director 
Health First Medical Group 
850 Ridge Lake Blvd 
Memphis, TN 38119 

EOE 





General Ophthalmologist 


to join expanding eye depart- 
ment at the multispecialty 
Kaiser Permanente Medical 
Center, a prepaid HMO, at 
Oakland, CA. Competitive sal- 
ary and generous benefit 
package offered. The eye 
department consists of 10 


M.D.s with subspecialties in 
glaucoma, pediatrics, oculo- 
plastics and retina, and 10 
0.D.s. Fully equipped offices 
with excellent technician sup- 
port. Send CV to: 


Richard A. Brown, M.D., 
280 W. MacArthur Blvd. 
Oakland, CA 94611 





INTRODUCING AN EVOLUTIONARY DESIGN 


NEW RELAXED TYPICAL 
LOOP END — MODIFIED “J” LOOP 


SINSKEY “II 
SOFT 3 LOOP 
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Gently curved... reduces columnar rigidity 
for ease of insertion 


Broad loop arc designed to enhance tissue contact, 
stability and lens centration 


Loop designed to reduce capsular stress 


NEW RELAXED LOOP END 


Broader loop arc reduces the potential of a compressed 
loop touching optic surface 


Loop tip remains within the optic diameter, allowing easy inferior 
and superior loop placement, even in small-pupil Situations 


ADVANCED OPTICS 


Available with no positioning holes providing a larger, 
clear optical zone 


Available with PDH ™ Partial Depth Holes in 6.0mm 
and 7.0mm optics to help reduce unwanted optical effects 


UVBLOC™ Plus, Class | UV Filter provides excellent protection* 


*Mainster, MA. The spectra. classification and rationale of ultraviolet-protective intraocular lenses 
Am J Ophthalmol 1986 Dec. 102:727-732 
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Portrait of Noncompliance 


“| go from the studio one day to location the 
next. Then into the darkroom or back to my 
office. The only way | can keep a schedule is 
to see it in front of me. Thats how | know 


v 


what to do next!” 


Out of sight, out of mind. It’s a time- 
worn expression, but one that still holds 
important implications for proper dosing. 

For many patients, a simple visual 
cue can go a long way to prompt the 
next dose. 

Since 1980, Propine has provided 
glaucoma patients with twice-daily IOP 
control. But now, with the addition of 
Allergan’s exclusive C Cap, Propine can 
add a compliance advantage to your 
therapy. 

Propine with C Cap: 

- Tracks next dose to be taken, and 

- Minimizes confusion for patients 

on multidose therapy or multiple 
medications. 

Propine with C Cap is available in 
5mLand 10 mL bottles. Propine is also 
still available without C Cap. 

Please see adjacent page for brief 
summary of prescribmg information. 








Propine® (dipivefrin HCD 


_ de sterile ophthalmic solution, 
Propine USP, 0.1% with 
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B.D 
Compliance Cap B.1.D. 
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Collagen-Shield Delivery of Gentamicin and Vancomycin R. B. Phinney, S. D. Schwartz, 
D. A. Lee, B. J. Mondino 
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NEW FROM ALCON 


A Creative Solution to 
the Artificial Tear/ 
Preservative Dilemma 





THE DILEMMA: 


The hallmark of dry eye is compromised 
corneal epithelium. Until Tears Naturale® II 
with Polyquad® dry eye treatment with 
preserved artificial tears presented the 
physician with a dilemma — the therapeutic 
benefits of newer artificial tears were 
sometimes offset by the toxicity of older 
ophthalmic preservatives such as 
benzalkonium chloride and chlorobutanol. The 
chronic nature of dry eye required repeated 
exposure of an already damaged cornea to an 
imperfect joining of second generation tear 
products with first generation, toxic 
preservatives. 








’ Tears Naturale Il 
Artificial Tears with 








Polyquad Preservative 


Specifically Formulated To Protect Corneal Epithelial Cell Integrity 





THE SOLUTION: 


Tears Naturale® II with Polyquad represents the 
most sicnificant development in artificial tears 
since the 1975 introduction of Tears Naturale; 

it is a true artificial tear with a preservative that 
is SO safe, corneal cells can actually grow in 

it! Polyquad is virtually non-sensitizing and 
reaction-free. In clinical trials with 749 subjects, 
Polyquad was proven 99% reaction free in 
the general population while 97% of Fi ES 
subjects with known sensitivities to other showing on oibo oben coda 
ophthalmic preservatives were reaction- minutes. Magnified 3000X" 
free! Now at last, an artificial tear that provides 


CELL JUNCTIONS 
EVIDENT 
S > NUCLEI MAINTAINED 


* NORMAL CELL 
STRUCTURE 


PRIMARY EPITHELIAL 
mm J LAYER INTACT 





your dry eye patients with the therapeutic 
benefits of a true artificial tear without the Alcon 
detrimental effects of a toxic preservative. Fort Worth, Texas 76115 


REFERENCE 
1. DATA ON FILE_ALCON LABORATORIES 


© 1987 ALCON LABMRATORIES, INC 


Alicon 


THE FIRST PRESERVATIVE-SAFE ARTIFICIAL TEAR 
MUCOMIMETIC ACTIVITY 

NEUTRAL pH 

ISOTONIC 

UNSURPASSED COMFORT 
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(15 ML) 


PEDIATRIC 
OPHTHALMOLOGY 


The Department of Ophthalmology at the 
University of Arizona College of Medicine 
is seeking a Pediatric Ophthalmologist for 
a full-time faculty position at the Assistant 
or Associate Professor level. Responsibili- 
ties include patient care, teaching, and 
research activities. An interest in genetics 
is desirable but not essential. Candidates 
must be Board Eligible or Board Certified 
in Ophthalmology and have at least one 
year of Fellowship training in Pediatric 
Ophthalmology. Applications will be 
accepted through November 15, 1988 or 
until the position is filled. Women and 
minority candidates are encouraged to 
apply. All interested candidates should 
contact: 


Barton L. Hodes, MD, FACS 
Head, Department of Ophthalmology 
University of Arizona Health 
Sciences Center 
1609 North Warren #122 
Tucson, Arizona 85724 


THE UNIVERSITY OF ARIZONA IS AN 
EQUAL OPPORTUNITY EMPLOYER 








SUBSPECIALTY 
OPHTHALMOLOGIST 
KANSAS CITY 


Fellowship trained Ophthalmologist to 
join two Board Certified Generalists 
and establish first subspeciality de- 
partment. Ultramodern office with 
state of art equipment and vigorous 
growing practice. Some general Oph- 
thalmology until subspeciality estab- 
lished. Ethical. Stimulating environ- 
ment-clinical research-40 papers pub- 
lished from our practice. Exceptional 
offer-salary, fringes, production incen- 
tive. 


Contact: 

John C. Hagan Ill, M.D., FACS 

Midwest Eye Institute of 
Kansas City 

2700 Hospital Drive 

North Kansas City, MO 64116 
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Western Pennsylvania 


General Ophthalmology 


¢ Exchange urban hassles for 
advantages of a community 
practice 


Practice includes surgery 
and consults 


Hospital sponsored, includ- 
ing guarantee, office start- 
up, and initial marketing 


Good access to university 
for CME -- 50 miles from 
Pittsburgh 


Write or call Mr. Wson Ross: 


Daniel Stern and Associates 
Suite 240 The Medical Center East 
211 North Whitfield Street 
Pittsburgh, PA 15206 
800/438-2476 
412/363-9700 
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UNIVERSITY OF CALIFORNIA 
SAN FRANCISCO 


The Universety of California, San Francisco, 
Department ef Ophthalmology has a full time 
position available at the Assistant Professor in 
Residence level. We seek an individual with an 
interest in Retinal disease. Must be capable of 
participating in an active clinical teaching 
program as well as being productive in research. 
Must be Board Certified. Teaching experience 
required. Research background desirable. 


„Please submit'CV by December 30 to: 


Alexarder Irvine, MD 

UCSF. Department of Ophthalmology 
Beckman Vision Center 

Kore: Yision Research Laboratory 
Box 0730 

Sam Fancisco, CA 94143 


UCSF is am Equal Opportunity, Affirmative 
Action Empleyer. Women and minorities. are 





FELLOWSHIP 
IN 
EPIDEMIOLOGIC AND 
PREVENTIVE OPHTHALMOLOGY 


Applications being accepted 
for 1989 and 1990 
Academic years 


This two to three year program includes 
relevant course work at Johns Hopkins 
School of Hygiene and Public Health 
can lead to degree program; practical 
experience with a wide range of 
epidemiologic and clinical research 
projects including controlled trials. 


Send C.V. and description of future 
goals to: 
Training Coordinator, ICEPO 
Dana Center for Preventive Ophthalmology 
Wilmer Institute, Room 120 
Johns Hopkins Hospital 
Baltimore, MD 21205 U.S.A. 


encouraged te apply. 
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POWERFUL SOLUTIONS INA 
SMALL PACKAGE. 


If space constraints are threatening to 
limit your practice, Biophysic Medi- 
cal has the answer. A pair of compact 
but powerful ophthalmic lasers that 
give you the treatment scope you 
need without taking too much room. 


THE OPHTHALAS* SP ARGON. 
A PORTABLE POWERHOUSE. 
The Ophthalas SP delivers more 
energy to the cornea than any other 
ophthalmic laser of its size—more 
than 3 watts of blue-green or 1.2 
watts of green only. 

It’s flexible enough to be used with 
a slit lamp, as an endophotocoagula- 
tor, with a dermatological handpiece, 
or interfaced with an OR microscope. 
Use it in the office. Wheel it into the 


OR. The SP goes anywhere with ease. 


THE NANOLAS* 15 Nd:YAG. THE 
YAG THAT LETS YOU DO THE MOST. 


Powerful enough to handle all appli- 
cations, the Nanolas offers an energy 
range from 0.5 mJ to 15 mJ, adjustable 
to 0.5 mJ increments. 


Yet its fundamental mode provides 
a margin of safety, with an optical 
breakdown threshold as low as 
0.5 mJ. 

It also gives you three cone angles 
for controlled depth of treatment— 
essential for future applications. And 
dual burst modes for versatility. All 
delivered through Zeiss optics. 


TAKE ADVANTAGE OF FORESIGHT. 


Both lasers can work in tandem, 
allowing you to switch fram one 
modality to the other with the twist 
of a knob—without moving the pa- 
tient. And, in the Biophysic tradition, 
they provide unfailing performance 
and reliability, coupled with courte- 
ous, efficient service. 

Find out how you can expand your 
practice with the Biophysic dynamic 
duo. Call 800-437-7400 today. 


biophysic medical inc. 


When Only Quality Comes First 


2440 ESTAND WAY, PLEASANT HILL, CA 94523-3912 
800-437-7400 IN CA 415-680-2890 
TELEX 988108 BIOPHYSIC 
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Finally, there's a lens that performs like PMMA 
and can fit in here. 





The Phaco-Flex™ SI-ISNB from AMO 


6.0mm biconvex silicone optic. Polypropylene haptics. Built-in UV block. 
Minimal induced astigmatism. Minimal change in post-op cylinder. Rapid visual rehabilitation. 
The advantages of small incision with the confidence of PMMA. 


Investigational device. Limited by U.S. law to investigational use only. 


= AMO 
Allergan Medical Optics, A Subsidiary of Allergan, Inc. 
Irvine, CA 92718 © 1988 
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Steve Elmore/TOM STACK & ASSOCIATES 


You could populate New York, Chicago, . 
L.A.and Houstonwith patients who ve 
recetved Miochol. 


acetylcholine chloride) Intraocular 


Twenty million patients—enough to fill four major urban centers. 
In each of those 20 million cases, an ophthalmic surgeon made a 
conscious decision to use Miochol. An impressive statistic, 
especially when you compare Miochol’s long history of safe use. 

Product history is part of what makes Miochol, Miochol. 
Because every day, we manufacture Miochol to meet stringent 
standards. Simply put, Miochol is the standard. 

That’s why ophthalmologists will continue to choose 
Miochol for the next 20 million patients. 


viula 


Contact your IOLAB representative to order 
Miochol at (714) 624-2020. 
PHARMACEUTICALS 


a fohmon-sfohmon company Y 


500 lolab Drive, Claremont, CA 91711 (714) 624-2020 








indications: To obtain complete miosis in seconds, by irrigation of the iris after delivery of the lens in cataract surgery, as well as penetrating keratoplasty, iridectomy and other anterior segment surgery where rapid, complete miosis may be 
required. Contraindications: There are presently no known contraindications to the use of MIOCHOL (acetylcholine chloride) Intraocular. Warnings: lf blister or paper backing is damaged or broken, sterility of the enclosed bottle cannot be 
assured. Open under aseptic conditions only. Precautions: In the reconstitution of the solution, as described undi ons for Using Univial, if the center rubber plug seal in the univial does not go down or is down, do not use the vial. If 
miosis is to be obtained quickly and completely with MIOCHOL, obstructions to miosis, such as anterior or posterior synectvae, may require surgery prior to administration of MIOCHOL. In cataract surgery, use MIOCHOL only after delivery of 
the lens. Aqueous solutions of acetyicholine chloride are unstable. Prepare solution immediately before use. Discard any solution that has not been used Adverse Reactions: Adverse reactions, which nave been reported rarely, are indicative 
of systemic absorption. These include bradycardia, hypotension, flushing, breathing difficulties and sweating. Caution: Federal law prohibits dispensing without prescription. How Supplied: 2 ml sterile univial NDC 0058-2757-45 
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It’s best for your patients 


> Today’s diagnostics demand the highest level of accuracy and 
tO C 1 Í i reliability. BioRad applanation Pneumatonometers are the only 
instruments that meet these standards. 

One simple 3 second touch reports the IOP and Ocular «4> 
Pulse—unparalleled accuracy to hundredths of a point. The ` 

Ou C r BioRad microprocessor samples IOP waveform 40 times/sec. 
and computes averages and standard deviation — eliminating 
cumbersome manual calculations. 

For your patients, a friction-free sensor assures maximum 
comfort. BioRad avoids repeated corneal tapping or jet-air 
pulses which can artificially elevate IOP readings. Any trauma 
that clouds real data with artifact is now eliminated. 

Component design and function allows the upgradable 
MODULAR ONE® to grow as your practice expands —to max- 
imize your diagnostic edge. The complete system performs: 


e Tonometry 

Ocular Pulse 

Tonography 

Ocular Plethysmography 

Software programs for patient archives 


Tonometers from BioRad. . . because no other instrument is 
more accurate — and today’s standards of care demand it. For 
more information please call: 1-800-777-3356. 
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If it’s allergic conjunctivitis 
FML” 
(fluorometholone) 0.1 % Liquifilm® 
sterile ophthalmic suspension 
- Gives the opportunity for fast relief 
from inflammation. 
- Less tendency to increase IOP than 
dexamethasone. 
- Costs less than Opticrom® * 








EYE PENCIL 


If it’s infectious conjunctivitis 
Bleph®10 
(sulfacetamide sodium ophthalmic 
solution) 10% with Liquifilm® 
(polyvinyl alcohol) 14% Sterile 
- Effective gram-positive and gram- 
negative bacterial coverage with 
sulfacetamide sodium. 
- Liquifilm vehicle soothes and cools 
irritated eyes. 
- Costs less than Sodium Sulamyd.2** 
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POLLEN GRAIN 
(COSMOS BIPINNATUS) 





We'll see your conjunctivitis 


If it’s “nonspecific” conjunctivitis 

Blephamide® 

(sulfacetamide sodium 10%, pred- 

nisolone acetate 0.2%) Liquifilm® 

sterile ophthalmic suspension 

- Effective gram-positive and gram- ¥ 
negative bacterial coverage with 
sulfacetamide sodium. 

- In studies with rabbit eyes, the pred- 
nisolone acetate in Blephamide 
delivers more active drug to the site 
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of inflammatien (in the first 15 *Comparing 10 mL bottle sizes, based on Feb- 
minutes) . . and stays there (for up ruary 1988 average wholesale prices. Opticrom d 
p is a registered trademark of Fisons Corp. or: 
to 5 hours)...when compared with —_ **Comparing 15 mL bottle sizes, based on Feb- ; 
prednisolone-sodium phosphate in ruary 1988 average wholesale prices. Sulamyd 3 
. 4: . is a registered trademark of Schering Corp. f 
Vasocidin.' So, you can give y our ‘Reference: Allergan Pharmaceuticals Report y 
„patients the opportunity for rapid, Series, No. 188, 1982 The clinical significance | 
Hon -lasting relief. of these animal data is unknown. 
t; 8 : & Please see adjacent page for brief summary of 4 
' Liquifilm vehicle soothes and cools prescribing information. ; 
irritated eyes. 
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Bleph=10 
(sulfacetamide sodium ophthalmic solution) 10% 
with Liquifilm® (polyvinyl alcohol) 1.4% Sterile 





INDICATIONS AND USAGE: Bleph-10 is indicated for the treat- 

ment of conjunctivitis, corneal ulcer and other superficial 

ocular infections caused by susceptible +s abled pore and 

p n treatment in systemic sulfonamide therapy of 
choma. 


CONTRAINDICATIONS: Bleph-10 is contraindicated in indi- 
viduals who have a hypersensitivity to sulfonamide prepara- 
tions or to any of the ingredients of the preparation. 


PRECAUTIONS: Sulfacetamide preparations are incompatible 
with silver preparations. 


Nonsusceptible organisms, including fungi, may proliferate 
with the use of this prouet. Sulfonamides are inactivated 
the aminobenzoic acid presentin purulent exudates. Sen- 
sitization may occur when a sulfonamide is re-administered 
irrespective of the route of administration, and cross- 
between different sulfonamides may occur. If signs 
of sensitivity or other untoward reactions occur, discontinue 
use of the preparation. 


ADVERSE REACTIONS: Sulfacetamide sodium may cause 
local irritation, stinging and burning. While the irritation may 
be transient, occasionally, use of the medication has to be 
discontinued. 


Although sensitivity reactions to sulfacetamide sodium are 
rare, an isolated incident of Stevens-Johnson syndrome was 
reported in a patient who had rienced a previous bul- 
lous whe reaction to an orally administered sulfonamide, and 
a single instance of local Eanan vas reported which 
progressed to a fatal syndrome resem 

erythematosus. 


ling systemic lupus 


Blephamide® 


(sulfacetamide sodium - prednisolone acetate) 
Liquifilm® sterile ophthalmic suspension 


INDICATIONS AND USAGE: A steroid/anti-infective combi- 
nation is indicated for steroid- responsive inflammatory ocular 
conditions for which a corticosteroid is indicated and where 
bacterial infection or a risk of bacterial ocular infection exists. 


Ocular steroids are indicated in inflammatory conditions of 
the palpebral and bulbar conjunctiva, cornea, and anterior 
segment of the globe where the inherent risk of steroid use 
in certain infective conjunctivitides is accepted to obtain a 
diminution in edema and inflammation. They are also indi- 
cated in chronic anterior uveitis and corneal injury from chem- 
o , radiation or thermal burns or penetration of foreign 
ies, 


The use of a combination drug with an anti-infective compo- 
nent is indicated where the risk of infection is high or where 
there is an expectation that potentially dangerous numbers 
of bacteria will be present in the eye. 


The particular anti-infective drug in this product is active 
against the following common bacterial eye pathogens: 
Escherichia coli, Staphylococcus aureus, Streptococcus 
pneumoniae, Streptococcus ae Pseudomonas 
neons, Haemophilus influenzae, Klebsiella species, and 

nterobacter species. This product does not provide adequate 
coverage against Neisseria species and Serratia marcescens. 


CONTRAINDICATIONS: Epithelial herpes simplex keratitis 
(dendritic keratitis), vaccinia, varicella, and many other viral 
diseases of the cornea and conjunctiva. Mycobacterial infec- 
tion of the eye. Fungal diseases of the ocular structures. 
Hypersensitivity to a component of the medication. (Hyper- 
sensitivity to the antimicrobial component occurs at a higher 
rate than for other components.) 


The use of these combinations is al contraindicated after 
uncomplicated removal of a corneal foreign body. 


WARNINGS: Prolonged use may result in glaucoma with 
damage to the optic nerve, defects in visual acuity and fields 
of vision, and in posterior subcapsular cataract formation. 
Prolonged use may suppress the host response and thus 
increase the hazard of secondary ocular infections. In those 
diseases causing thinning of the cornea or sclera, perfora- 
tions have been known to occur with the use of topical 
steroids. In acute purulent conditions of the eye, steroids may 
mask infection or enhance existing infection. If these products 
are used for 10 days or longer, intraocular pressure should 
be routinely monitored even though it may be difficult in 
children and uncooperative patients. 


Employment of a steroid medication in the treatment of herpes 
simplex requires great caution. 


A significant percentage of staphylococcal isolates are com- 
pletely resistant to sulfa drugs. 


PRECAUTIONS: The initial — and renewal of the 
medication order beyond 20 milliliters should be made by 
a physician only after examination of the patient with the aid 
of magnification, such as slit lamp biomicroscopy and, where 
appropriate, fluorescein staining. 


The possibility of fungal infections of the cornea should be 
considered after prolonged steroid dosing. 


ADVERSE REACTIONS: Adverse reactions have occurred with 
steroid/anti-infective combination drugs which can be 
attributed to the steroid component, the anti-infective com- 
ponent, or the combination. incidence figures are not 
available since no denominator of treated patients is available. 


Reactions occurring most often from the presence of the anti- 
infective ingredient are allergic sensitizations. The reactions 
due to the steroid component in decreasing order of frequency 
are: elevation of intraocular pressure (IOP) with possible 
development of glaucoma, and infrequent optic nerve 
damage; posterior subcapsular cataract formation; and 
delayed would healing. 


Secondary infection: The development of secondary infec- 
tion has occurred after use of combinations containing 
steroids and antimicrobials. Fungal infections of the cornea 
are panmi prone to develop coincidentally with long-term 
applications of steroid. The possibility of fungal invasion must 
be considered in any persistent corneal ulceration where 
steroid treatment has been used. 


Secondary bacterial ocular infection following suppression 
of host responses also occurs. 


FML 


(fluorometholone) 0.1% 
Liquifilm® sterile ophthalmic suspension 





INDICATIONS AND USAGE: FML is indicated for the = 
ment of corticosteroid-responsive inflammation of the pa 
pebral and bulbar conjunctiva, cornea and anterior segment 

of the globe. 


CONTRAINDICATIONS: FML is contraindicated in the follow- 
ing conditions: 


Epithelial herpes simplex keratitis (dendritic keratitis), vac- 
cinia, varicella, and other viral diseases of the cornea and 
conjunctiva. 


Tuberculosis of the eye. 
Fungal diseases of the ocular structures. 
Hypersensitivity to any component of the medication. 


WARNINGS: Corticosteroid medication in the treatment of 
patients with a history of herpes simplex keratitis (involving 
the stroma) requires great caution; frequent slit lamp 
microscopy is mandatory. 


Prolonged use my result in elevation of IOP, with damage 
to the optic nerve, defects in visual acuity and fields of vision, 

and/or in posterior subcapsular cataract formation. It may. 
also aid in the establishment of secondary ocular infections 

from fungi or viruses liberated from ocular tissues. 


Various ocular diseases and long-term use of topical cor- 
ticosteroids have been known to cause corneal and scleral 
thinning. Use of topical corticosteroids in the presence of 
thin corneal or scleral tissue may lead to perforation. 


Acute purulent untreated infection of the eye may be masked 
z. naala enhanced by the presence of corticosteroid medi- 
cation. 


PRECAUTIONS: General: As fungal infections of the cornea 
are particularly prone to develop coincidentally with long-term 
local corticosteroid applications, fungal invasion must be 
suspected in any persistent corneal ulceration where a cor- 
ticosteroid has been used or is in use. 


Intraocular pressure should be checked frequently. 


S, mutagenesis, impairment of fertility: No 
studies have been conducted in animals or in humans to 
evaluate the possibility of these effects with fluorometholone. 


Pregnancy Category C: Fluorometholone has been shown 
to be teratogenic and embryocidal in rabbits when given in 
doses approximating the human dose and above. There are 
no adequate, well-controlled studies in pregnant women. 
Fluorometholone should be used during pregnancy only if 
the potential benefit outweighs the potential risk to the fetus. 


Fluorometholone was ocularly applied to both eyes of preg- 
nant rabbits at various dosage levels on days 6 to 18 of gesta- 
tion. A significant dose-related increase in fetal abnormalities 
and in fetal loss was observed. 


Nursing Mothers: It is not known whether topical Pep 
administration of corticosteroids could result in sufficient sys- 
temic absorption to produce detectable quantities in breast 
milk, nevertheless, the physician should consider the patient 
discontinuing nursing while the drug is being administered. 


Pediatric Use: Safety and effectiveness in children have not 
been established. 


ADVERSE REACTIONS: Adverse reactions include, in decreas- 
ing order of frequency, elevation of intraocular pressure (IOP) 
with possible development of optic nerve damage; loss of 
visual acuity or defects in fields of vision; posterior subcap- 
sular cataract formation; delayed wound healing. 


The following have also been reported after the use of topical 
corticosteroids: Secondary ocular infection from pathogens 
liberated from ocular tissues and, rarely, perforation of the 
globe when used in conditions where there is thinning of the 
cornea or sclera. 
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GEE VISIONFREEMAN" PUNCTUM PLUG KIT... 


For use in the treatment of keratitis sicca by reversible occlusion of the punctum and canaliculus. 





SMALL SIZE #0004 MEDIUM SIZE #0003 STANDARD SIZE #0001 
1.6mm Length 2.0mm Length 2.8mm Length — 
THE New gamh iN — r 
SMALL SIZE PLUG “~ ete ee S| 
* WITH SMALL DOME 








Intreduction of punctum 
plug held in place by 
inserter end of dilatar/inserter instrument. 


LACTOPLATE™ 


Lactoferrin Immunological Test System 


Use when Schirmer values 
are questionable. 










COLLAGEN 


Temporary Intracanalicular Collagen Implant 
For diagnosis of certain ocular disorders and to 







temporarily enhance 
effect of ocular 


i TY medication 
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| The first new approved 






















á 4 Collagen - SO &; method for clinical 
3 Implants S Wag %: assessment of lacrimal 
RG ag eI £ gland function. Simple 
.. | and quick in-office 
E *s.| procedure. 
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MOIST EYE” | 
Moisture Panels 
used to canvert eye wear into 
moisture chembers. 
™ © 
EV" LID-CLEANSER MEDICOOL 
EYELID CEANSER [= = medication protection 
For the hygienic care of ; EO system — keeps eye drops and 
K a pal aad for use other heat sensitive medication 
+e ame i hg oe below 70° jor over 8 hours... 
._Non-irritating 2 ee : ...fits in purse or briefcase 
oe S PERE 2 freezable 
g -pH adju coolers 
” „contains nc perfumes “4 „sturdy carrying case 
or dyes 
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If You Can See It, 
Now You Can Treat It 





Treat the Peripheral Fundus 


How many times have you had to stop your laser pro- 
cedure to examine the peripheral fundus with an indirect 
ophthalmoscope? 


Laser Indirect 


HGM has now made it possible to treat areas that you could 
only examine before. The exceptional view offered by the 
new HGM Laser Indirect Ophthalmoscope makes it possible 
for you to see and treat the peripheral fundus like never 
before. With spot sizes ranging from 200 to 1000 microns, 

it facilitates a wide range of procedures from retinopexy to 
PRP. And as with all HGM accessories, connecting the 
Laser Indirect Ophthalmoscope is quick and easy. 





HGM continues to make your 
laser even more versatile. 





Designed for Your Laser 
















The new HGM M-25 Slit Lamp is 
designed to precisely control and 
deliver laser energy. Microscope 
and laser beam are focused on the 
same plane at all times, 
giving you the accuracy 
needed for delicate macular 
treatments, combined with 
the power needed to perform 
iridotomy or trabeculoplasty with 
confidence. And setting up an HGM 
laser and slit lamp system | 
will save you 
about $10,000 over 
other systems now available. 





To learn how an HGM laser and ophthalmic accessories can add a 
new dimension of precision and efficiency to your practice, call us 
at 1-800-447-0234. 
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Instructions for Authors 


Note: Please read these instructions carefully—technical deficien- 
cies must be cerrected before manuscripts can be reviewed. 

Send manuscripts to the Editor, Morton F. Goldberg, MD, Univer- 
sity of Illinois Eye and Ear Infirmary, 1855 W Taylor St, Chicago, IL 
60612; (312) 965-2327. Manuscripts are received with the under- 
standing that tney have not previously been published anywhere in 
any language and are not under simultaneous consideration by 
another publication. A complete manuscript submitted following 
presentation or publication of preliminary findings elsewhere (eg, 
in an abstrac.) can be considered. Include copies of possibly 
duplicative macerial. Accepted manuscripts become the permanent 
property of the ARCHIVES and may not be published elsewhere 
without permession from the publisher (AMA). After initial 
publication, certain articles will appear in translation in the 
Chimese-language edition. 

The text sheuld, in general, not exceed 14 double-spaced type- 
written pages. 

Transmittal Ètters to the editor must contain the following language: 
“In consideratien of the American Medical Association’s taking action 
in reviewing anc editing my submission, the author(s) undersigned hereby 
transfers, assigns, or otherwise conveys all copyright ownership to the 
AMA in the eent that such work is published by the AMA.” This 
statement must be signed by a// authors listed before it can be sent out 
for review. We regret that transmittal letters not containing the 
foregoing language signed by all authors of the submission will 
necessitate delay in the review of the manuscript. 

In case the work was done by a federal employee, each author 
must include « signed statement that the work reported was done 
while he or sł was employed by the federal government. 

Author Respensibility—A1] accepted manuscripts are subject to 
copy editing. The corresponding author will receive an edited 
typescript ratner than galley proofs for approval. The author is 
responsible for all statements in his work, including changes made 
by the copy elitor. Designate one author as correspondent and 
provide his a@dress and telephone number. A manuscript should 
not ordinarily list more than six authors. If more than six authors 
are listed, a detailed written description of each person’s personal 
contributions should be submitted with the manuscript. Such 
contributions must be substantial. 

Manuscript "reparation.—Submit an original typescript and two 
high-quality eopies. All copy (including references, legends, and 
tables) must »e typed double-spaced on 21.6 X 27.9-cm (8% X 11- 
in) paper. Margins of at least 2.5 cm (1 in) must be provided. If a 
word processer is used, do not justify the right margin. 

Titles.—Tit 2s should be short, specific, and clear and typed ona 
special page. They should not exceed 42 characters per line, 
ineluding purctuation and spaces, and be limited to two lines, if 
possible. The title page should include the first name, middle 
initial, and l&t name of all authors with their highest academic 
degree and professional affiliation of all authors and city location. 
It should als» include the address (if different from the senior 
author’s) to which requests for reprints should be sent. 

Informed Censent.— Manuscripts reporting the results of experi- 
mental invest. gations of human subjects must include a statement 
to the effect that legal requirements governing consent were 
met. 

Refer to patients by number, eg, patient 1 (or, in anecdotal 
reports, by firtitious given names). 

Proprietary Statemeat.—If the article discusses in any way a 
device, equipment, an instrument, or a drug, the author(s) must 
state in a foomote whether they do or do not have any commercial 
or proprietary interest in the product or company. Likewise, they 
must reveal whether they have any financial interest as a 
consultant, mviewer, or evaluator. In addition, authors must 
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disclose any financial interest owned by a spouse, minor child, 
blood relative living in the same household, or known to be held by 
the author’s employer, partner, or business associate. 

Abstract.—Provide an abstract (135-word maximum) of the 
article, including statements of the problem, method of study, 
results, and conclusions. The abstract should be specific and 
sufficiently complete to allow the reader a quick evaluation of the 
paper. Do not include a “summary” sectien in the main manu- 
script. 

References.— List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent citations 
should be to the original number. All references must be cited in 
the text or tables. Unpublished data and personal communications 
should not be listed as references but parenthetically within the 
text. References to journal articles should include (1) author(s) (if 
more than three, write “et al” after the third name), (2) title, (3) 
journal name (as abbreviated in Index Medicus), (4) year, (5) 
volume number, and (6) inclusive page numbers, in that order. 
References to books should include (1) author(s), (2) chapter title 
(if any), (3) editors (if any), (4) title of book, (5) city of publication, 
(6) publisher, (7) year, and (8) page, if indicated. 

SI Units.—Use Système International (SI) measurements 
throughout the manuscript. (Exceptions are visual acuity mea- 
surements and intraocular pressure recordings.) 

Illustrations.— Use only those illustrations that clarify and aug- 
ment the text. More than ten total illustmations per manuscript 
would have to be justified. Submit illustrations (5 X 7 in) in 
triplicate, unmounted and untrimmed. Do not send original 
artwork. Send high-contrast glossy prints. Figure number, name 
of senior author, and arrow indicating “top” should be typed on a 
gummed label and affixed to the back of each illustration. 
Illustrations submitted for publication may be relettered to 
achieve uniformity of lettering style throughout the journal. 
Magnification and stain should be provided when pertinent. 


PLEASE NOTE: Most COMMON ERRORS TO AVOID 
FOR BOTH ORIGINAL ARTICLES AND LETTERS TO THE EDITOR 
(SECRETARY’S CHECKLIST) 


(1) Failure to send original typed manuscripts plus two 
copies. 

(2) Failure to double-space entire manuscript (abstract, 
references, legends, and tables). 

(3) References not in proper format, not in numerical 
order, or not cited in text. 

(4) Use of 12-spacing rather than double-spacing. Do 
not justify right margins. 

(5) Failure to send three sets of illustrations/photo- 
graphs or original color slides plus two sets of color 
prints. 

(6) Title too long. 

(7) Failure to label abstract or to provide abstract (not 
needed for letters to the editor), case reports, photo 
essays). Abstract too long. 

(8) Incomplete or improper consent forms for patient 
photographs; improper or incomplete legends. 

(9) Failure to include copyright transmittal form 
(needed for both original articles and letters to the 
editor). Failure to include proprietary statement. 

—(10) Failure to include all authors’ personal signatures 
on copyright transmittal form (see paragraph 3). 

—(11) Failure to designate the corresponding author and 
provide phone number and address. 

—(12) Failure to include consent forms for illustrations 
previously published elsewhere. Failure to indicate 
willingness to pay for author’s share of color illus- 
trations. 
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Illustrations in full color are accepted for publication if the 
editors believe that color will add significantly to the published 
manuscript. Please submit one set of positive transparencies (35 
mm slides) and two sets of color prints. The ARCHIVES will pay 
part of the expense of reproduction and printing color illustra- 
tions, the remainder to be borne by the author. Submit a state- 
ment indicating author’s willingness to accept this cost. After 
deducting the ARCHIVES’ contribution, the author’s share is $400 
for up to six square-finished illustrations that can be arranged on 
a one-page layout. Any additional illustrations or special effects 
will be billed to the author at cost. 

Legends.— Legends must be typed double-spaced, beginning on a 
separate sheet of paper. Length should be limited to a maximum 
of 40 words and should allow the illustration to be fully under- 
standable without recourse to the text. Use arrows, letters, etc, for 
enhanced understanding. 

Authorized Use of Photographs.— Recognizable photographs may 
be taken and published only if specifically consented to by the 


~ patient. To facilitate proof, the consent should be in writing. Any 


restrictions or limitations on the consent must be strictly 
observed; eg, eyes are blocked out only as a condition of consent. 
Consent forms must include a specific statement that photographs 
and information related to a case may be published either 
separately or in connection with each other, in professional 
journals or medical books, provided that it is specifically under- 
stood that the patient shall not be identified by name. Parental 
consent for publication of photographs and information related to 
the case must include signature of both living parents. Consent 
releases for minors without living parents must be signed by the 
legally appointed guardian. Submit consent forms with the manu- 
script. 

Acknowledgments.— Illustrations from other publications are 
rarely published but if used must be acknowledged. Include the 
following when applicable: author(s), title of article, title of 
journal or book, volume number, page(s), month, and year. The 
publisher’s permission to reprint must accompany the manu- 
script. 

Statistical Consultation.— We recommend that statistical consul- 
tation be obtained as early as possible for studies with statistical 
content. The name and affiliation of the statistical consultant (if 
different from the author[s]) should be included. 


Tables.— Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6 X 27.9-cm (8% X 11-in) 
paper. Do not use larger paper. If a table must be continued, use a 


second sheet and repeat all heads and stubs. Each table must haves ; 


a title. 

Photo Essay.— Manuscripts for this section should emphasize 
the visual aspects of the subject presented. The picture(s) should 
be of high quality and should be self-explanatory. The photo- 
graphs can be of clinical entities, laboratory studies and findings 
(eg, smears, histologic sections), diagnostic techniques (roentgen- 
ograms, computed tomographic scans, magnetic resonance image, 
ultrasound, etc), therapeutic procedures, or a combination. A 
concise essay, limited to 250 words, describing the clinical or 
laboratory information, photograph(s), and a brief list of refer- 
ences (five or less), if pertinent, should be submitted in triplicate. 
Articles will be limited to one to two printed pages, and all 
material must fit into this format. Refer to the general “Instruc- 
tions for Authors” for other requirements. 

Correspondence and Case Reports.—Contributions to this section 
may include comments on articles published in the ARCHIVES, 
informative case reports, or other matters of ophthalmic interest. 
Such letters are subject to editorial review and will be published 
as space and editorial priorities permit. Published letters will be 
listed by author and title in the table of contents, and authors and 
subjects are indexed by the major indexing services. Letters to the 
editor and Case Reports ordinarily should not exceed 500 words in 
length. There should be a maximum of three references. Two 
figures or one figure plus one table can be printed. The typescript 
should be double-spaced with a ragged right hand margin and 
submitted in triplicate. A copyright transmittal letter signed by 
all authors must accompany the letter. Please refer to “Instruc- 
tions for Authors” for additional requirements. 

Reprints.— Reprints can be ordered at the time the typescript is 
returned after editorial processing. 

AMA Manual of Style.—This 1988 edition, formerly the Manual 
for Authors & Editors, is available from Williams & Wilkins, 428 E 
Preston St, Baltimore, MD 21202. Single copy price: $24.95. A 
shipping charge is added on all orders not prepaid. If additional 
ordering information is needed, or to order by telephone, call 
1-800-638-0672. 


From the Archives of the Archives 


Did we know more of what it wasn't than what it was?...... 


The underlying pathologic condition of chorioretinitis juxtapapillaris cannot be 
definitely known until histologic examinations are made. Thus far, no one has made such 
a report. Verhoeff’s case showed clinical manifestations typical of no other reported 
case; only light perception was present, and examination of the fields was not possible. 
Histologically, the choroid was involved around the entire disk for an area of about 
1 cm., which therefore included the macular region. The retina was extensively involved 
and showed numerous hemorrhages. This case seems more suggestive of neuritis 
papulosa peracta (A. Fuchs); this is supported by the history of a primary syphilitic 
lesion two months before the eye trouble....... While awaiting more information as to 
the etiology and histologic observations, one therefore can only say that retinochoroid- 
itis juxtapapillaris is a local inflammatory condition of a toxic or infectious nature with 
involvement of the retinal blood vessels and a small group of nerve fibers in the anterior 
part of the vagina nervus opticus. 
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Source: Abraham SV: Retinochoroiditis juxtapapillaris. 
Arch Ophthalmol 1929;2:455 
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To Admit or Not to Admit, 
That Is the Guestion 


To the Editor —The article by Isernhagen et al' in the June 
issue of the 4 RCHIVES attempted to establish prospectively 
the necessity for inpatient hospital care. Our experience 
during the past eight years suggests that the vast majority 
of patients db very well both medically and socially in an 
outpatient setting. Outpatient surgery was gradually 
adepted for use in most of our patients as a review of 
inpatient medical records disclosed an absence of a medical 
necessity for admission. The option of admission always 
has been available but less than 15% of patients have 
required admission after discharge from our outpatient 
area. We revtinely ask all patients on the first postopera- 
tive day about their experiences after surgery and certain- 
ly would hae modified our approach if we had received 
any substan-ial complaints. 

A retrospective telephone survey of our past 20 consecu- 
tive outpatients who underwent vitreoretinal surgery did 
not disclose ¿any major complications or complaints of pain 
that the pacient felt might have been resolved by in- 
hospital care. According to Isernhagen and colleagues,’ at 
least 50% o` patients would have been expected to have 
substantia! e«omplaints. 

Our opimiens may be diametrically opposed because of 
the bias in -he study design. Specifically, expectations of 
the patient, “amily, physician, and staff may be affected by 
the very act of admitting the patient to the hospital. 

An approoriate study design would include a random 
assignment of a consecutive series of both surgical inpa- 
tients and surgical outpatients. Until such a study is 
performed, he publication of Isernhagen and colleagues” 
article may impose substantial medicolegal ramifications 
for those of as who continue to have favorable experiences 
with ambulatory vitreoretinal surgery and who plan to 
continue with this management style. While we commend 
Isernhagen et al for their attempts to explore this subject, 
their conelusion that “most cases require hospitalization 
for optimum care” may not be justified. The question “To 
admit or nœ to admit” has not been satisfactorily settled 
by the methodology of their study. 

JAY A. FLEISCHMAN, MD 
BRIAN C. LERNER, MD 
St Louis 


1. Isernhagea RD, Michels RG, Glaser BM, et al: Hospitalization require- 
ments after vitreoretinal surgery. Arch Ophthalmol 1988;106:767-770. 


In Reply.—Drs Fleischman and Lerner report on their 
positive experience with outpatient vitreoretinal surgery. 
They critic:ze the design of our study and question our 
conclusions about the need for hospitalization in most 
patients undergoing vitreoretinal surgery. 

Despite *leischman and Lerner’s assertion in their 
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opening sentence, we did not attempt “to establish pro- 
spectively the necessity for inpatient hospital care.” Rath- 
er, we prospectively studied 200 cases to “determine the 
postoperative hospitalization requirements.” Fleischman 
and Lerner report their own experience with outpatient 
surgery based on a review of some patient records without 
giving any details as to the number of cases involved, the 
method of analysis, or the criteria for hospital admission. 
They are satisfied with their approach because they have 
not received any significant complaints. They report that a 
retrospective telephone survey of 20 consecutive outpatient 
surgical cases was performed and that the patients did not 
report major complaints or pain. They do not indicate how 
long after surgery the telephone survey was performed. 

In contrast, our prospective study was designed to 
measure both objective and subjective features of the 
patient’s condition as it relates to the need for hospitaliza- 
tion. The intramuscular and intravenous medication 
requirements of the patients were recorded by the nurses, 
as were complaints of pain and nausea, the occurrence of 
vomiting, and other features of the inpatient stay. On the 
first postoperative day, the surgeon also assessed by 
interview the patients’ subjective experience the preceding 
night and asked a neutral, standardized question regard- 
ing whether the patient would have been satisfied to have 
spent the previous night as an outpatient. 

The data obtained in our study were impressive and 
compelling in terms of the conclusions we drew. Based on 
the data, we fully defend our statement that “most cases 
require hospitalization for optimum care.” Although we 
are pleased to learn that Fleischman and Lerner can get by 
without admitting most of their patients to the hospital, it 
seems to us that the question is one of how best to provide 
optimum patient care rather than simply whether to admit 
or not to admit the patient. We invite Fleischman and 
Lerner to follow their own suggestion and to perform a 
randomized prospective series to evaluate this subject 
further. 

RONALD G. MICHELS, MD 
Rick D. ISERNHAGEN, MD 
BERT M. GLASER, MD 
SERGE DE Bustros, MD 
CHERYL ENGER, MS 
Baltimore 


1. Iserhagen RD, Michels RG, Glaser BM, et al: Hospitalization require- 
ments after vitreoretinal surgery. Arch Ophthalmol 1988;106:767-770. 


Methodological Considerations in Glare Testing 
in Patients With Cataracts 


To the Editor.—Since the advent of the first commercially 
available glare tester in 1983, the market has expanded 
significantly. The instrument designers are to be com- 
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mended for attempting to quantify the disparity between 
indoor vision assessed in a darkened refracting lane and 
functional outdoor vision; however, it is clear that the 
entire field of glare testing in patients with cataracts is in 
a state of evolution. Currently, there are no standards for 
glare type, illuminance, or target configuration. Accurate 
documentation of functional visual loss is essential, but 
existing studies (often conducted by the glare test inven- 
tor) that have sought to weigh the relative sensitivity of 
various instruments may not have been conclusive. There 
are several important methodological factors to consider 
when conducting glare studies. 


Study Population.—Studies should include only patients with 
cataracts who have reasonable visual acuity (better than 20/50). 
Patients with dense cataracts, and thus further reduced visual 
acuity, will not see well indoors or outdoors regardless of the glare 
tester used. This will result in an artificially high correlation 
coefficient and loss of instrument sensitivity. An appropriate 
study population is required to validate functional complaints in 
patients with minimal pathological changes and abnormal glare- 
test results. 

Visual Stimuli (Optotypes).—When using Snellen letters, it is 
important to use a chart that contains an equal number of letters 
per line, with letters of equal perceptual difficulty and equal 
increments between lines' such that a two-line difference is 
independent of chart location. 

Sinusoidal grating stimuli that have forced choice alternatives 
all within 45° of one another may induce a bias for patients whose 
astigmatism is in the meridian being tested. 

Chart type, eg, letters or gratings, should be consistent in all 
testing situations for uniformity of results and clarity. The order 
of chart/instrument presentation should be randomized. 

Outdoor Testing Conditions.—Outdoor light levels vary signifi- 
cantly with the angle of the sun, cloud conditions, and time of 
year. In addition to reporting the angle of the sun, light readings 
at the eye should be measured and equated among patients. An 
overhead outdoor reading of 11000 foot-candles may produce light 
levels between 6000 to 10000 ft-c at the eye. The influence of 
varying ambient light may be readily identified and minimized by 
stepwise regression or analysis of covariance. 

When describing outdoor testing conditions, it is important to 
detail and measure the visual field of the surrounding background 
viewed by the patient. It is impossible to equate glare test results 
collected in dissimilar environments, eg, the parking lot of the 
Houston Astrodome compared with a blacktop parking lot bor- 
dered by pine trees vs a testing situation using a solid-white 
concrete wall that diffuses light uniformly. 


Comment.—Research that clarifies and standardizes 
glare testing is important to accurately document a 
patient’s visual complaint. However, to assess the validity/ 
sensitivity of the various instruments, additional method- 
ological considerations must be addressed and experi- 
ments designed and replicated to demonstrate that theo- 
retical concerns addressed in the laboratory are clinically 
significant when evaluating patients with cataracts. In 
view of the fact that these methodological considerations, 
by and large, have not been taken into account in the 
development of these glare testers, we should, as a profes- 
sion, be very cautious about the use of glare testers for 
valid documentation of functional disability. 

THOMAS C. PRAGER, PHD 
RICHARD G. Urso, MD 
JOHN W. Lewis, MD 
RICHARD S. Ruiz, MD 
Houston 


1. Ferris FL III, Kassofff A, Bresnick GH, et al: New visual acuity charts 
for clinical research. Am J Ophthalmol 1982:94:91-96. 


1502 Arch Ophthalmol—Vol 106, Nov 1988 


-ay T = x "m; T oe 
~ a 9 j 


Secondary Posterior Chamber Implant 


To the Editor.—I read with interest the article by Hu et al! 
in the March 1988 ARCHIVES. 

I have used a similar technique in six eyes, all of which 
had undergone previous intracapsular extraction. In four 
eyes a pars plana vitrectomy was followed by a scleral 
tunnel incision. A double-armed polypropylene suture 
attached to the lower haptic was passed through the 
incision and under the iris and brought out in a groove in 
the sclera 2 mm from the limbus. The needle used was an 
Ethicon CIF-4 (Ethicon Inc, Somerville, NJ). The upper 
haptic was secured at the 12-0’clock position by a double- 
armed 10-0 polypropylene suture brought under the iris 
and out the bed of the scleral tunnel. 

The technique is not without complications. One eye 
developed a retinal detachment that was successfully 
repaired, with resultant 20/60 visual acuity. A second eye 
showed a tilt of the implant. 

I believe I was the first person to describe scleral 
fixation of a posterior chamber implant.’ 

Louis J. GIRARD, MD 
Houston 


1. Hu BV, Shin DH, Gibbs KA, et al: Implantation of posterior chamber 
lens in the absence of capsular and zonular support. Arch Ophthalmol 
1988;106:416-420. 

2. Girard LJ: Pars plana phacoprosthesis. Ophthalmic Surg 1981;12:20- 
22. 


Magnetized Forceps for Metallic 
Corneal Foreign Bodies 


To the Editor.—Corneal foreign bodies are frequently 
ferromagnetic. These foreign bodies and their resultant 
rust rings should be removed.' Cotton-tipped applicators, 
hypodermic needles, and dental burrs are commonly used 
to extricate shards and rust rings.* Although an embedded 
particle can be displaced by the needle, it may not easily be 
lifted from the epithelial surface. We have found the 
following instrument helpful in the removal of corneal 
magnetic foreign bodies and their rust rings. 

A magnet is attached to the handle of a sterile jeweler’s 
forceps, rendering the tips magnetic (Figure). One or 


Magnet attached to jewelers forceps. 





multiple metallic foreign bodies can be dislodged and 
magnetically lifted or grasped. The tips of most forceps are 
slightly less sharp than the tip of a hypodermic needle and, 
when used tangentially, they facilitate foreign-body and 
rust-ring removal with less risk of impaling the cornea if 
the patient moves. 

ROBERT W. ARNOLD, MD 

JAY C. ERIE, MD 

Rochester, Minn 


1. Deutsch TA, Feller DB: Paton and Goldberg's Management of Ocular 
Injuries, ed 2. Philadelphia, WB Saunders Co, 1985. 

2. Sigurdson H, Hanna I, Lockwood AJ, et al: Removal of rust ring, 
comparing electric drill and hypodermic needle. Eye 1987;1:430-432. 
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‘Moustache Glaucoma’ 


To the E®tor.—Although the Goldmann applanation 
tonometer is a highly accurate instrument, artifacts in 
measurement of intraocular pressure may occasionally 


~ » mislead the examiner. Spurious elevations of intraocular 


pressure may occur on the basis of such patient-related 
facters as excessive widening of lid fissures,’ blepharo- 
spasm, blinking, and tilting of the patient’s head.’ Inadver- 
tent pressure exerted on the globe by the examiner while 
elevating a patient’s lid may also cause errors. 
Occasionally, external factors interfering with the 
tonometer itself may affect the measurement. Pressure 
against the-arm of a-superiorly mounted Goldmann appla- 
nation tonometer by an “Afro” hairdo has been reported 
previously m the ARCHIVES.’ We report an analogous 
situation in which a patient’s moustache interfered with 
the forward movement of the arm of a base-mounted 
Goldmann applanation tonometer. The patient was a 41- 
year-old man referred for consultation regarding his pig- 
mentary glaucoma. The initial intraocular pressure read- 


Fig 1.—Patien*s moustache preventing free forward movement of 
tonometer arm. 
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Fig 2 —Pushimg patient’s moustache aside allows an accurate intra- 
ocular pressure reading. 
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ing was 28 mm, Hg. At that point, we noticed that his 
moustache was brushing against the tonometer arm (Fig 
1), preventing its motion toward the patient. Holding his 
moustache back (Fig 2) allowed the tonometer arm to come 
forward freely, permitting an accurate reading of 14 mm 
Hg. 

Careful attention to sources of error external to the 
tonometer during applanation tonometry may prevent 
unnecessary treatment or erroneous advice to a patient. 
Such sources should be suspected, particularly when mea- 
surements of intraocular pressure are inconsistent or 
fluctuating. 

ROBERT RitcH, MD 
ALEXANDER REYES, MD 
New York 


1. Moses RA, Cerniglia PE, Grodzki WJ, et al: Proptosis and increase of 
intraocular pressure in voluntary lid fissure wicening. Invest Ophthalmol 
Vis Sci 1984;25:989-992. 

2. Coleman DJ, Trokel S: Direct recorded intrzocular pressure variation 
in a human subject. Arch Ophthalmol 1969:82:637-640. 

3. Purcell J: Hair glaucoma. Arch Ophthalmol 1973:89:530. 


Intraocular Diathermy for Pupilloplasty 
During Vitreous Surgery 


To the Editor.—A small pupil can hinder visualization 
during vitreous surgery. We routinely dilate the pupils of 
all patients preoperatively, and we use intraocular epi- 
nephrine hydrochloride during surgery to maintain dilata- 
tion in selected patients. If the pupil does not dilate 
pharmacologically, in the aphakie patient we use the 
vitrectomy instrument to perform an iridectomy. We 
frequently find that an iridectomy performed in this 
manner results in a cosmetically unacceptable scalloped or 
irregular pupillary border (Fig 1). In an attempt to 
produce an anatomically smooth pupillary border, addi- 
tional cuts with the vitrectomy instrument are often 
required, and the surgeon may excise more of the iris than 
originally intended. 

We have used the intraocular endociathermy probe to 
cauterize the cut irregular edges of the iris after iridecto- 
my (Fig 2). The endodiathermy probe (Medical Instru- 
ments Research Associates, Waltham, Mass) is applied at 
a setting of 0.5 in a sweeping motion along the pupillary 
border. This has the dual effect of cauterizing small iris 


Fig 1.—Vitrectomy instrument can produce irregular or scalloped 
pupillary margin. 





Correspondence 1503 


EREE 


FE LAs rA -yp -e a wt: = = 





Fig 2.—Endodiathermy probe is applied in sweeping semicircular 
motion to cut edge of iris. 


vessels and producing a smooth, rounded border at the 
pupillary margin without having to excise additional iris 
tissue. Although cauterization of the pupillary border may 
produce postoperative iritis, the six patients we have 
treated have not experienced this problem. 
JERALD A. Bovino, MD 
DANIEL F. Marcus, MD 
PHILIP T. NELSON, MD 
Toledo 


The authors have no proprietary interest in the products described in this 
letter. 


Comparative Aspects of Ocular Blastomycosis 


To the Editor.—We read with interest the article by Lewis 
and colleagues! concerning blastomycosis in a patient from 
Wisconsin. The authors adequately described diagnosis 
and successful treatment with systemic amphotericin B. 
However, we were puzzled by the complete absence of 
reference to the veterinary literature and the omission of a 
discussion of the disease in dogs. As veterinary ophthal- 
mologists practicing at a referral institution in Wisconsin, 
we examine many dogs with naturally occurring ocular 
blastomycosis. The dog is a natural host for this systemic 


mycotic disease, and the incidence is about ten times 
higher in the canine population than in humans. There are 
a number of excellent review articles concerning canine 
(and feline) blastomycosis that describe in detail the 


ophthalmic,” epidemiologic,’ and diagnostic’ aspects of the_ 


disease. Although we can expect differences in approach to 
the human cases compared with the animal cases, there 
remains a wealth of information that can be gleaned from 
veterinary experience. Because these cases represent natu- 
rally occurring disease, no research animals need be 
sacrificed in the acquisition of such knowledge. In times 
when experimentation must be limited by public concern 
over use of animals for research, it seems wasteful to 
ignore the information gained by this experience. 

Certainly Lewis and colleagues” article does not repre- 
sent the only such omission. We often read articles in the 
medical literature that describe conditions that we see 
frequently as veterinarians in which little, if any, refer- 
ence is made to the condition in other species. We find it 
useful in the practice of comparative ophthalmology to 
gather information from many species, for differences, as 
well as similarities, in pathology, anatomy, physiology, 
and/or pharmacology allow insight into many aspects of 
disease processes. One cannot call the veterinary informa- 
tion irrelevant to human medicine, as so much of what we 
know about human disease has been gained from experi- 
mentation using research animal models. 

It is unfortunate that communication between veteri- 
narians and physicians remains sporadic. Veterinarians 
have much to gain by learning new techniques and acquir- 
ing new technology introduced by physicians. Conversely, 
physicians could gain perspective and a more complete 
understanding of disease processes by interaction with 
veterinarians. We look forward to an increase in mutually 
beneficial communication, as well as to a broadening 
concept of medicine that views humans as one among a 
diverse array of species. 

DEBORAH S. FRIEDMAN, DVM 
J. PHILLIP PICKETT, DVM 
Madison, Wis 


1. Lewis H, Aaberg TM, Fay DRB, et al: Latent disseminated blastomy- 
cosis with choroidal involvement. Arch Ophthalmol 1988;106:527-530. 

2. Buyukmihci N: Ocular lesions of blastomycosis in the dog. J Am Vet 
Med Assoc 1982;180:426-431. 

3. Archer JR, Trainer DO, Schell RF: Epidemiologic study of canine 
blastomycosis in Wisconsin. J Am Vet Med Assoc 1987;190:1292-1295. 

4. Legendre AM, Walker M, Buyukmihci N, et al: Canine blastomycosis: A 
review of 47 clinical cases. J Am Vet Med Assoc 1981;178:1163-1168. 


CORRECTION 


Inconsistent Data.—In the article entitled “Corneal Toxicity of Propamidine,” 
published in the January 1988 issue of the ARCHIVES (1988;106:68-69), an 


inconsistency occurred in the reported percentage of propamidine isethionate 
used. The drug concentration should have been given as 0.1% throughout the 
article. 
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Corneal Toxicity From Hydrogen 
Peroxide-Soaked Tonometer Tips 





To the Ed tor.—Hydrogen peroxide 
soutien has been recommended as a 
disinfectant for tonometer tips, oph- 
thalmic instruments, and trial contact 
lenses to pr2vent the transmission of 
viruses, especially human immunode- 
ficiency viras.' Commercially avail- 
able hydreg=n peroxide solutions are 
also used fr home disinfection of 
contact lenses. We report a case in 
which an applanation tonometer tip 
soaked in hydrogen peroxide solution 
caused corneal toxicity. 

Report of c Case.—A 50-year-old man 
had undergon= penetrating keratoplasty of 
the right eye <ix years previously for kera- 
toconus. Onfdlow-up examination, he had 
a clear graft with 20/20 visual acuity OD. 
During applanation tenometry he noted 
immediate dsscomfort and blurring of 
vision. As was customary in the clinic, the 
tonemeter tip that was used had been left 


soaking in a plastic medicine cup contain- 
ing 3% H,O, solution (Hydrox Chemical 
Co, Elk Grove Village, Ill). The solution 
had evaporated overnight, and the tonome- 
ter tip had not been rinsed prior to use. A 
fluffy white corneal lesion was seen imme- 
diately after applanation. The eye was 
quickly irrigated. Slit-lamp examination 
revealed a circular corneal epithelial defect 
corresponding in size to the tonometer. 
There was surrounding epithelial opacity, 
with adjacent small stromal bubbles (Fig- 
ure). Six hours later the bubbles had disap- 
peared and the stroma was clear. The 
epithelial defect healed after two days of 
pressure patching, and visual acuity 
returned to 20/20. 


Comment.—The peroxide moiety is 
strongly implicated as the cause of the 
toxicity we observed. The intrastro- 
mal bubbles in our case looked similar 
to air trapping seen during lamellar 
corneal dissection. The biologic break- 
down of H,O, to form O, most likely 
caused the bubbles. Grant? reported 
similar toxicity from higher concen- 
trations of H,O, solution. A 3% HO, 


Cornealgraft epithelia! and stromal opacity after applanation with H,O,-soaked tonometer tip. 
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solution placed on human eyes three 
to five times per day, however, causes 
pain but no damage” For this reason 
3% solutions have been generally 
quite safe as disinfectants. In our case 
the 3% H,O, solution must have either 
concentrated or chemically changed 
during the evaporation process. 

In an experimental reproduction 
using New Zealand white rabbits, we 
were able to verify the mechanism of 
toxicity. Tonometer tips taken direct- 
ly from fresh 3% H,O, solution with- 
out rinsing caused no corneal staining 
or opacification when used for appla- 
nation. Likewise, drops of 3% H,O, 
placed directly on the cornea caused 
no reaction. However, tonometer tips 
taken from a 3% H.O, solution that 
had evaporated overnight caused a 
marked reaction after applanation. A 
circular corneal epithelial defect, cor- 
neal stromal bubbles, and anterior 
chamber bubbles were seen. 

What happens to the H,O, solution 
during evaporatien is unclear. It is 
possible that the H,O. molecules react 
with the plastic of the tonometer tip 
or with impurities in the solution. 
Functionally, however, the effect is of 
a concentrated solution. 

As with other forms of tonometer 
cleaning, we recommend that health 
care workers exercise basic precau- 
tions in using H,O; solutions for disin- 
fection. When such solutions have 
been allowed to evaporate, their pres- 
ence may not be noticeable, and their 
toxicity may be increased. Rinsing 
instruments before use would dilute 
or remove potential texins. 

ALEXANDER E. POGREBNIAK, MD 
ALAN SuGAR, MD 
Ann Arbor, Mich 
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Pseudomonas aeruginosa Corneal 
Ulcer Associated With an Aerosol 
Can of Preservative-Free Saline 





To the Editor.—Suppurative keratitis 
is the most serious complication of 
soft contact lens wear. Microbial con- 
tamination of the lens care system is 
known to be an important predispos- 
ing factor. Preservative-free disinfec- 
tion systems are now available for 
contact lens wearers who suffer reac- 
tions to preservative, although they 
are also recommended for many other 
lens wearers. Aerosol cans are sug- 
gested to be the safest and most con- 
venient method of providing the nec- 
essary preservative-free saline. Mi- 
crobial contamination of saline made 
with tablets (“homemade saline”) has 
already been shown to be associated 
with corneal infections due to Pseudo- 
monas and Acanthamoeba species.'” 


Report of a Case.—A 23-year-old man 
presented with a three-day history of dis- 
comfort in the right eye. He had worn 
cosmetic soft contact lenses on a daily- 
wear basis for three years, and five months 
before presentation he had obtained a new 
pair of lenses with a high (70%) water 
content. Chemical disinfection was carried 
out daily with a chlorine-release tablet 
system using aerosol cans of preservative- 
free saline. He had not suffered any reac- 
tions to preservative. His symptoms began 
during a visit to the United States, and on 
the same day, topical sulfisoxazole had 
been prescribed. During his travels his 
aerosol can of preservative-free saline was 
stored in a washbag together with wet 
facecloths. The cap was often found to be 
off the can. 

A 1.5-mm ulcer with anterior stromal 
infiltrate was present in the paracentral 
right cornea. There was a mild anterior- 
chamber reaction but no hypopyon. Cor- 
rected visual acuities were 20/40 OD and 
20/20 OS. Pseudomonas aeruginosa pyo- 
cine type 10c (sensitive to all antipseudo- 
monal antibiotics) was isolated from the 
right eye, the surface of the right contact 
lens, the top of the aerosol can of preserva- 
tive-free saline, and the contents of the can 
obtained by direct puncture. There was no 
growth from the contents of another sam- 
ple can from the same manufacturer’s 
batch. Treatment with topical gentamicin 
sulfate (15 g/L) and carbenicillin sodium 
resulted in resolution of the infection, and 
three months later the corrected visual 
acuity had returned to 20/20 OD. There 
was a faint 2 mm anterior stromal opacity 
with some thinning inferior to the visual 
axis. The activator mechanism of the 
patient’s aerosol can was found by its 
manufacturers to be operating normally. 


Comment.—In 1986, Stenson? com- 
mented that “perhaps the most 
important lapse in lens care is the 
improper use of non-preserved saline 
solutions.” This referred to both the 
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improper preparation, storage, and 
reuse of preservative-free saline and 
improper indications for its use. An 
increasing number of soft contact lens 
wearers in the United Kingdom, in- 
cluding many new wearers, are using 
preservative-free saline. In only a 
small proportion has the wearer expe- 
rienced a reaction to preservative. Use 
of preservative-free saline is not with- 
out significant risks. The incorrect 
preparation and use of homemade 
saline are major contributory factors 
in contact lens-related infections due 
to Pseudomonas and Acanthamoeba 
species. 

Homemade saline solutions are 
often made with tap water or contam- 
inated distilled water in unsterile con- 
tainers. They may thus be contami- 
nated from the time of preparation. 
Preservative-free solutions are much 
more susceptible to microbial contam- 
ination than are preserved solutions. 
In a study of contact lens care systems 
of asymptomatic patients, Donzis et 
al‘ found microbial contamination in 
all homemade saline solutions, includ- 
ing one bottle that had been prepared 
only nine hours before testing, and in 
25% of multiple-use bottles of preser- 
vative-free saline. Contamination was 
found in only 13% of preserved com- 
mercial contact lens solutions and in 
none that had been open for less than 
21 days. No contamination was found 
in four aerosol cans of preservative- 
free saline. However, our case report 
shows that such contamination can 
occur and can lead to suppurative 
keratitis. The association between 
preservative-free saline and contact 
lens-related pseudomonal infections 
is thus extended to aerosol cans. 

If preservative-free saline is to be 
used, contact lens wearers must 
understand the relatively greater risk 
of microbial contamination and sup- 
purative keratitis and the need for 
meticulous lens hygiene. Aerosol cans 
are still the safest and most conve- 
nient system for providing preserva- 
tive-free saline but are not without 
risk. It seems difficult to justify the 
use of preservative-free saline in soft 
contact lens wearers who have not 
experienced reactions to preservative, 
especially when the newer, albeit 
slightly more expensive, hydrogen 
peroxide disinfection systems are 
effective and rarely produce toxic and 
hypersensitivity reactions. Pseudomo- 
nas aeruginosa is the most frequently 
identified cause of contact lens-re- 
lated suppurative keratitis. It is a 
ubiquitous organism that thrives in a 
damp environment, even in the 
absence of organic material. Preser- 


TPA 


vative-free saline provides such an 
environment, and in this case, con- 
tamination of the contents of the 
aerosol can probably occurred when 


~ 


the can was left uncapped in the moist * 


environment of a washbag. Users of 
aerosol cans of  preservative-free 
saline should be advised always to 
store the can with its cap on and away 
from moisture. 
PAuL RiorDAN-Eva, MB 
SUSANNAH J. EykYN, FRCPATH 
MALCOLM G. Kerr Muir, FRCS 
London 
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Branhamella Keratitis Resistant to 
Penicillin and Cephalosporins 





To the Editor.—Branhamella catar- 
rhalis, a gram-negative diplococcus, is 
generally considered to be nonpatho- 
genic. To date, only ten cases of kera- 
titis caused by this organism have 
been reported.'” All of these infections 
proved to be sensitive to penicillin or a 
first-generation cephalosporin. Here- 
in we report a case of rapidly progres- 
sive B catarrhalis keratitis that was 
resistant to both penicillin and a first- 
generation and two third-generation 
cephalosporins. 


Report of a Case.—A 46-year-old debili- 
tated man with a history of chronic alco- 
holism presented with a six-day history of 
pain and decreased vision in the right eye. 
Examination disclosed best corrected 
visual acuities of light perception in the 
right eye and 20/30 OS. A bilateral blepha- 
ritis was noted. Slit-lamp biomicroscopic 
examination of the right cornea demon- 
strated a 4 X 5-mm inferonasal epithelial 
defect with an underlying stromal infil- 
trate. No hypopyon was present. The 
intraocular pressure in the right eye was 
28 mm Hg by pneumotonometry. The right 
fundus appeared to be normal by indirect 
ophthalmoscopy. The left eye was normal. 
With the patient under topical anesthesia 
the right corneal infiltrate was scraped 
and specimens were processed for Gram 
and Giemsa staining as well as cultures on 
blood agar, chocolate agar, Sabouraud’s 
agar, and thioglycollate broth. Smears dis- 
closed gram-negative diplococci. The 
patient was admitted to the University of 
Illinois Eye and Ear Infirmary, Chicago. 
He was treated with topical fortified gen- 
tamicin sulfate (13.6 mg/mL) alternating 
with topical fortified cefazolin (100 mg/ 
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mL) every half hour. Additionally, he 
received topical 0.5% timolol maleate and 
1% atropine sulfate every 12 hours. Within 


+ , 24 hours, B catarrhalis was identified on 


corneal scraping cultures. Over the next 48 
hours the corneal infection grew to 8 X 6 
mm and a descemetocele was noted. Addi- 
tionally, a 20% hypopyon developed. 

On the third hospital day, sensitivities 
(determined by medification of the Kirby- 
Bauer disk diffusion method) demon- 
strated that the B catarrhalis was B-lacta- 
mase positive and was resistant to penicil- 
lin, ampicillin and cefazolin, ceftriaxane, 
and ceftizoxime; it was sensitive to bacitra- 
cin, gentamieim, and amikacin. The topical 
fortified cefazolin in the patient’s thera- 
peutic regimen wes immediately replaced 
by topical fortified bacitracin (5000 U/mL). 
However, the patient’s cornea spontane- 
ously performed within 12 hours of this 
therapy change; the perforation was ade- 
quately sealed with cyanoacrylate adhesive 
and a therapeutic eontact lens. After this 
episode, the keratitis slowly resolved. On 
the fifth hospital day, repeated corneal 
cultures did not yield any organisms and 
topical corticosteroids were added to the 
therapeutic regimen. Ultimately, a large 
central leukoma and a cataract developed. 
The patient underwent a combined pene- 
trating keratoplasty with extracapsular 
cataract extraction and implantation of a 
posterior chamber intraocular lens in the 
right eye five months after initial presen- 
tation. At the last examination, corrected 
visual acuity was 20/40 OD. 


Comment.—Branhamella catarrha- 
lis is an oppertunistic organism that 
may be part of the normal flora of the 
upper respiratory tract and the 
female geniteurinary tract. Addition- 
ally, B catarrhalis has been cultured 
from the eyelids and conjunctiva of 
0.1% to 15% of normal adults.* As 
with our patient, the majority of the 
cases of Braahamella infection occur 
in immunocompromised or otherwise 
debilitated individuals. In these 
patients, it has been reported to cause 
meningitis, bronchitis, urethritis, si- 
nusitis, and endaphthalmitis, as well 
as keratitis: The remainder of the 
cases of Branhamelia keratitis have 
occurred in previously diseased corne- 
as in otherwise healthy individuals. 
Contrary te previously reported cases, 
the organism respensible for our 
patient’s eerneal infection was resis- 
tant to both penzeillin and the cepha- 
lesporins tested. This may reflect a 
trend of changing antibiotic sensitivi- 
ties of B catarrhalis. Of the four orig- 
inal cases of Braanhamella keratitis 
reported by Wilhelmus and col- 
leagues! in 1980, only one was resis- 
tant to penicillin. However, of the six 
cases reported by Heideman and asso- 
ciates? in E987, three were penicillin- 
resistant. The present case adds the 
spector threat of additional antibiotic 
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resistance to this uncommon, but 
potentially devastating, corneal infec- 
tion. It emphasizes the need for 
prompt culturing and antibiotic sensi- 
tivity determinations in progressive 
keratitis. Although it is not certain 
that bacitracin altered the clinical 
course in our patient, for those 
patients who are immunocompro- 
mised or who have had previous cor- 
neal disease, clinicians may consider 
the rapid addition of bacitracin to the 
topical fortified antibiotic regimen. 
Additionally, modifications of antibi- 
otic therapy should be guided by the 
results of antibiotic testing in resis- 
tant cases of infectious keratitis. 
MARIAN S. Macsal, MD 
Davip S. HILLMAN, MD 
JEFFREY B. ROBIN, MD 
Chicago 
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Sympathetic Ophthalmia and 
Choroidal Neovascularization 


To the Editor.—Choroidal neovascu- 
larization occurs in several conditions 
in which the common pathogenic fea- 
ture is a chorioretinal scar with a 
presumed interruption in Bruch’s 
membrane. We report, to the best of 
our knowledge, the first case of cho- 
roidal neovascularization in a patient 
with sympathetic ophthalmia. Dalen- 
Fuchs nodules were observed in the 
macular area before the development 
of the choroidal neovascularization. 
These nodules may also cause an 
interruption of Bruch’s membrane, 
thus leading to the associated choroi- 
dal neovascularization in this clinical 
entity. 

Report of a Case.—A 4-year-old boy sus- 
tained a penetrating knife injury that 
resulted in a corneoscleral laceration, uve- 
al prolapse, and traumatic cataract of the 
right eye. His visual acuity was light per- 
ception in the right eye and 20/30 OS. 
Following primary repair of the wound 
and subsequent lensectomy, his visual acu- 
ity declined to 20/80 OS due to sympathetic 
ophthalmia diagnosed three months after 
the injury. This uveitis initially responded 
to an intensive course of topical steroid 
(1% prednisolone acetate [Pred Forte] sus- 
pension hourly, while awake) and mydriat- 
ic therapy. His uveitis worsened, and he 
underwent enucleation of the right eye. 
The uveitis responded to the concurrent 
intravenous steroid treatment, and oral 
prednisone therapy (60 mg/d tapering to 


20 mg/d) was later administered. The 
occurrence of severe adverse side effects 
from oral prednisone necessitated the use 
of monthly intravenous steroid therapy (30 
mg/kg/d of methyiprednisolone for four 
days). 

One year later, the development of a 
cataract in his left eye decreased his visual 
acuity to 20/200 OS. A lensectomy allowed 
an examination of the fundus, which 
revealed marked vitreous inflammation 
with Dalen-Fuchs nodules measuring 100 
to 200 um scattered throughout the mid- 
periphery of the retina. Optic nerve edema 
as well as four round Dalen-Fuchs nodules 
in the parafoveal area were seen (Fig 1). 
The patient continued with intravenous 
methylprednisolone therapy with gradual 
resolution of the uveitis to achieve a visual 
acuity of 20/40 OS six months following 
the left lensectomy. 

Over the next six months, his intraocu- 
lar inflammation subsided, but his visual 
acuity decreased to 20/100 OS. Funduscop- 
ic examination revealed marked decrease 
in the optic nerve head swelling. A yellow- 
ish 150-um lesion was found at the foveola. 
This was surrounded by a hyperpigmented 
ring, which in turn was surrounded by 
subretinal blood extending 750 um from 
the center of the fovea. Fluorescein angiog- 
raphy revealed the presence of choroidal 
neovascularization that corresponded to 
the yellowish lesion located at the center of 
the foveal avascular zone (Fig 2). The 
subretinal blood blocked fluorescence, and 
three other areas of small punctate hyper- 
fluorescence were seen in the area of the 
previous Dalen-Fuchs nodules. No treat- 
ment was advised for the choroidal neovas- 
cularization, and intravenous steroid ther- 
apy was discontinued. Sixteen months 
after the initial presentation of the choroi- 
dal neovascularization, his visual acuity 
gradually improved to 20/30 OS with spon- 
taneous regression of the neovascular 
membrane. 

Histopathological examination of the 
enucleated eye showed typical findings of 
sympathetic ophthalmia with Dalen-Fuchs 
nodules as well as inflammatory infiltrate 
in the iris surrounding some lens capsule 
fragment. The choriecapillaris was spared. 
Bruch’s membrane was carefully examined 
in multiple sections, and no breaks could be 
found. 


Comment.—Our case demonstrated 
the clinical and pathological charac- 
teristics of sympathetic ophthalmia. 
The choroidal neovascularization as- 
sociated with sympathetic ophthal- 
mia has not been reported, to the best 
of our knowledge. This is not a sur- 
prising occurrence because choroidal 
neovascularization has been reported 
in Vogt-Koyanagi-Harada syn- 
drome,'” a disease with clinical and 
histopathological features similar to 
sympathetic ophthalmia. The com- 
mon factor in all other retinal dis- 
eases associated with choroidal neo- 
vascularization is an interruption in 
Bruch’s membrane, whether it be 
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Fig 1.—Dalen-Fuchs nodules in macula, close to fovea (arrow). 


from age-related macular degenera- 
tion, presumed ocular histoplasmosis, 
or angioid streaks. In the periodic 
acid-Schiff-stained pathologic speci- 
men from our patient, a careful search 
revealed no breaks in Bruch’s mem- 
brane. This, however, did not preclude 
the presence of an interruption of 
Bruch’s membrane in the sympathiz- 
ing eye. The choroidal neovasculariza- 
tion was located in the area of the 
previously seen Dalen-Fuchs nodules. 
Sharp et al’ showed that the histo- 
pathological changes surrounding 
these nodules consisted of obliteration 
of the underlying choriocapillaris 
with multiple breaks in Bruch’s mem- 
brane. One of their photomicrographs 
clearly demonstrated the herniation 
of a blood vessel through this break. 
This is a probable mechanism of the 
pathogenesis of the choroidal neovas- 
cularization in our patient. 

The spontaneous regression of cho- 
roidal neovascularization is rare but 
has been reported in cases of choroi- 
dal neovascularization associated 
with other retinal diseases. In 
untreated cases of presumed ocular 
histoplasmosis involving the foveal 
avascular zone, 23% may regress with 
visual acuity ranging from 20/20 to 
20/40.4 Steroid therapy in this case 
was unlikely to have contributed to 
the spontaneous regression of the 
neovascular membrane, as steroid 
therapy was discontinued following 
the diagnosis of the choroidal neovas- 
cularization. Factors such as the 


1508 


Arch Ophthalmol— Vol 106, Nov 1988 


Fig 2.—Subfoveal choroidal neovascularization with hyperfluores- 


cence centrally and hypofluorescence in area of surrounding subretinal 


hemorrhage. 


young age of the patient and the small 
area of involvement by the neovascu- 
lar membrane may be important in 
the spontaneous regression of the 
lesion in this patient. Although this 
small neovascular membrane ap- 
peared to have a subfoveal location, 
the excellent resultant visual acuity of 
20/30 may be attributed to eccentric 
fixation. 

EMILY Y. CHEW, MD, FRCSC 

JACK CRAWFORD, MD, FRCSC 

Toronto 
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Central Retinal Vein Occlusion in a 
Patient With AIDS 


To the Editor.—Retinal microvascular 
disease is associated commonly with 
the acquired immunodeficiency syn- 
drome (AIDS). However, a central reti- 
nal vein occlusion (CRVO) has not, to 
our knowledge, been described in asso- 
ciation with AIDS. 


Report of a Case.—A 34-year-old homo- 
sexual white man with a two-month history 


of AIDS, diagnosed on the basis of Pneumo- 
cystis carinii pneumonia, complained of 
blurred vision in his left eye for three 
weeks. He first noted this condition the 
morning after a blood transfusion for dap- 
sone-induced anemia (hemoglobin value, 82 
g/L; hematocrit, 0.26). Dapsone therapy had 
been discontinued a few days previously. He 
had no other opportunistic infections. His 
only other medications were pentamidine 
inhalations every two weeks and oral egg 
lecithin. An examination on July 31, 1987, 
revealed best corrected vision with plano of 
20/25 OD and 20/40— OS eye, with a central 
scotoma in the left eye. There was no ante- 
rior segment neovascularization and the 
anterior chamber angles were grade IV 
open. Intraocular pressures were 11 mm Hg 
in the right eye and 8 mm Hg in the left eye. 
The fundus of the right eye was normal 
except for a few cotton-wool spots. The left 
fundus was consistent with a relatively non- 
ischemic CRVO, although cotton-wool spots 
were present on the edges of the disc (Fig- 
ure). Diffuse macular edema was present. 
A fluorescein angiogram showed relative- 
ly good capillary perfusion. The erythrocyte 
sedimentation rate was 38 mm/h and the 
serum immunoglobulin value was slightly 
elevated (37 g/L) mainly due to a slightly 
increased IgG concentration. Other than 
anemia, the rest of the laboratory values— 
complete blood cell count, 18-factor auto- 
mated chemical analysis, serum cholesterol 
and triglycerides, syphilis detection 
(VDRL), serum and urine cultures for cyto- 
megalovirus, prothrombin time, partial 
thromboplastin time, lupus anticoagulant, 
Doppler ultrasonographic examination of 
the carotid arteries, and computed tomogra- 
phy of the head and orbits—were normal. 
On Sept 16, 1987, vision in the left eye 
decreased to 20/400, with an afferent pupil- 
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lary defect. The left fundus now had the 
appearance ef an ischemic CRVO, which 
was confirmed by fluorescein angiography. 
There was no anterior segment neovascular- 
ization. Pamretinal laser photocoagulation 
was then performed on the left eye. The 
patient has remained stable. 





Furdus photograph demonstrating central retinal vein occlusion in left eye. 


Comment.—Whether AIDS was the 
cause of this patient’s CRVO is specu- 
lative. An associated systemic disease, 
predominantly of cardiovascular ori- 
gin, has been found in 19% of young 
adults with CRVOs.' This patient had 
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no evidence of cardievascular disease 
or other diseases causing hypercoagu- 
lability, increased blood viscosity, or 
vasculitis besides AIDS. There were no 
active opportunistic infections, and he 
had no local oeular disease, such as 
glaucoma or optic nervehead drusen, 
that might be contributory to CRVOs. 
The blood transfusion, which preceded 
his symtoms, is of uncertain signifi- 
cance. It may possibly had elevated his 
serum viscosity sufficiently to cause 
occlusion of an almeady compromised 
flow through the central retinal vein. 
The CRVO in this patient with AIDS 

may be coincidental. However, high 
anticardiolipin antibody levels can 
occur in AIDS.* The presence of anti- 
cardiolipin antibodies or the circula- 
ting lupus anticoagulant has also been 
described in patients with retinal 
artery or vein oeclusions.’ This patient 
had a negative test for the lupus anti- 
coagulant, but anticardiolipin antibody 
testing was not performed. Other pos- 
sible causes of vase-occlusion in AIDS 
are circulating immune complex depo- 
sition and a direct toxic effect of a 
virus, including the human immunode- 
ficiency virus, on vascular endotheli- 
um. If similar cases are discovered, the 
possibility of infection with human 
immunodeficiency virus may have to 
be considered in the evaluation of any 
relatively young person who develops a 
CRVO. 

STEVEN A. TEICH, MD 

JOSEPH SONNABEND, MD 

New York 


l. Priluck IA, Robertsen DM, Hollenhorst R: 
Long-term follow-up of acclusion of the central 
retinal vein in young adults. Am J Ophthalmol 
1980;90:190-202. 

2. Cansos RT, Zon LI, Groopman JE: Anticar- 
diolipin antibodies asseciated with HTLV-II 
infection. Br J Haemotol ¥987:65:495-498. 

3. Pulido JS, Ward LM, Fishman GA, et al: 
Antiphospholipid antibodizs associated with reti- 
nal vascular disease. Retina 1987:7:215-218. 





Arch Ophthaime!|— Vol 106, Nov 1988 


Case Reports 1509 


eons new L 
etter value.... 


Topcon’s tradition of staying one step ahead of the technological advances in diagnostic 
instruments continues with the arrival of the new E Series family of slit lamps. This 
unique product family represents a series of instruments designed to meet your 
specific needs and enhance your professional efficiency. 

The Topcon E Series slit lamps combine modern design and styling with today’s most 
advanced technological features. Features that include, an 
omni-directional joystick that permits all X, Y and Z adjust- 
ments to be made froma single control and improved optical 
coatings that provide excellent color balance and amore 
natural view. What's more, these instruments have been 
designed under the strictest quality control tolerances 
to insure optimum results in any situation. 


JOYSTICK PHOTO: All E Series slit 
lamps are equipped with a new omni- 
directional joystick allowing effortless 
three dimensional adjustments from a 
single control. 

CONVERGENT BINOCULARS 
PHOTO: Model 2E and 6E lamps 
feature Topcon’s newly designed con- 
vergent binoculars, integrated with a 
parallel Galilean magnification system. 





eries sit lamps. 
No fi 


er instruments. 


The Topcon SL-2E 

offers halogen lamp illumination, three-position magnification and features Topcon’s 
newly designed convergent binoculars integrated with parallel Galilean magnification. 
The result is reduced fatigue during prolonged usage as well as easierimage fusion. 


The Topcon SL-3E 

combines tungsten lighting with two position magnification and four filters. The 

instrument's illumination column also tilts up to 20° from the observational axis to 

permit horizontal optical sections particularly useful in gonioscopy and funduscopy. 

The SL-3E offers increased operational ease and total professional 
flexibility in all applications. 


The Topcon SL-6E 
Photo Slit Lamp offers unmatched versatility with 
features like an advanced five-position, built-in magni- 
fication changer with magnificatians of 6X, 10X, 16X, 
25X and 40X; newly designed convergent binoculars 
with parallel Galilean magnification and a flip-in/ 
flip-out beam splitter that diverts the lighting to the 
optional camera attachment. The SL-6E is truly a total 
slit lamp system which can utilize any of Topcon’s 
flexible accessories to increase it’s potential. Acces- 
sories that include; 35mm, Polaroid or Video photo 
attachments that expand documentation capabilities, 
tonometer, pachometer, measuring eyepiece and 
non-contact specular attachments fosa full range of 
diagnostic needs, and an attachable observation tube 
for teaching. 
Whichever model meets your specific needs, 

you can rest assured of the qualitythat made Topcon 
famous. And if you're moving up from one of our 
existing popular D Series lamps, remember that all 
your existing accessories will easily attach to the 
new E Series models. 

Contact your Topcon distributor today and 

learn more about the remarkable new 
E Series slit lamps 
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Technology from within 
præduang exellens threughaut. 


Topcon Instrument Corporation of America, 
65 West Century Road, Paramus, N.I. 07652 (201) 261-9450. 
Western Regional Office: 325 N. Wiget Lane, Walnut Creék, CA 94598 (415) 947-4800. 





That’s Tears Plus® Artificial Tears. Because Tears Plus® combines 
polyvinyl alcohol and povidone to enhance lubrication 
without increasing viscosity or blurring the vision of your 
dry eye patients. 


It also improves wettability of the corneal surface? to soothe and 
cool itchy, scratchy dry eyes. 


And, since its surface tension is similar to human tears, Tears Plus® 
promotes tear film stability as well. 


SO pamper your dry eye patients. When you need a multi-dose 
tear, choose the comfort of multi-dose Tears Plus® 


"Allergan Pharmaceuticals Report Series #179, 1981. 


ARTIFICIAL TEARS 


samtariahte raliol of dru g 
For comfortable rehet 01 ory eyi 


Use only if imprinted overwrap on package 
is intact. 


ifoz sterile 30ml 
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Look For The Name That 


Around The World. 


Some 20 years ago, physicians across the globe 
started doing procedures which had been impos- 
sible only months earlier. 

Laser eye surgery. 

It took an innovative and dedicated company, 
best known at the time for industrial lasers, to 
develop an ophthalmic laser suitable for everyday 
use by surgeons. It took Coherent Medical. 

Our Model 800 was the first photocoagulator 
designed specifically for ophthalmology. And 


the first to receive wide- 
spread acceptance. Shortly 
thereafter, the Model 800 
became the standard for all clinical photo- 
coagulators. 

A new generation of lasers has made Coherent 
Medical the world’s most widely accepted name 
in medical lasers. These now make up over 60% of 
the ophthalmic lasers currently in use. More than 
6000 have been installed in offices, surgicenters 
and hospitals like yours. 

They prove their accuracy and reliability 
4,000,000 times each and every day. 


. 





Is Synonymous With Lasers 





Is this response to 
Coherent lasers any sur- 
prise? Patients of every 

i nationality 
have found 
new hope 
for sight. 
And physi- 
cians have 
found a 

type of 
invest- 
ment 


7931 compact laser 
system: instantaneous 
suniching between 
full-featured 7901 | 






 NA&YAG and 930 
phe tocoagulator. 





whose value will continue to grow. 


For details on our complete photocoagulator 


and Nd:YAG line, call (800) 635-1313, (800) 423-9543 
in CA. Or write: Coherent, 3270 W. Bayshore Road, 
Palo Alto, CA 94303. 


€3 COHERENT. 


Lasers Advancing Surgery 
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Harvard RBRVS Study Creates Controversy 


CHICAGO—Medicare will pay ophthalmologists about 50% less 
for performing cataract surgery if Congress accepts the Harvard 
Resource-Based Relative Value Scale (RBRVS) Study.’ 





See also JAMA 1988;260:2429-2438. 





Under the RBRVS, ophthalmologists would receive $690 instead 
of $1580 (56% less) for extracapsular removal with insertion of 
intraocular lens prosthesis (one stage), by either the manual or 
phacoemulsification technique. Intracapsular cataract extraction 
with insertion of an intraocular lens prosthesis would be billed at 
$681. Medicare currently pays $1579, 57% more. Ophthalmological 
services, including medical examination and evaluation with 
initiation or continuation of a diagnostic and treatment program 
(intermediate level, established patient), would be billed at $23. 
Medicare currently pays $25, 8% more.! 

The Harvard study, which was published as a theme issue in the 
Oct 28, 1988, Jowrnal of the American Medical Association, was 
conducted by William Hsiao, PhD, and colleagues in response to 
the rising expenditures for physicians’ fees. The “customary, 
prevailing and reasonable” (CPR) method of payment in use has 
been criticized as inflationary, complex, and unpredictable, as well 
as tending to retain distorted historical physicians’ charges. 

The study selected services in each of 18 specialties and found 
that “preservice and postservice work represent close to 50% of 
the total work of invasive services and 33% of evaluation/ 
management.”' Other findings were that the intensity of work for 
invasive services was much greater, an average of about three 
times that of evaluation/management work, and that visit fees 
could rise by 70% while some surgical fees could drop by 60%. 
Medicare outlays for categories of medical services under a 
RBRVS-based schedule were simulated, and total Medicare pay- 
ments for evaluation/management services could be increased by 
about 56%. Invasive, imaging, and laboratory services could be 
decreased by 42%, 30%, and 5%, respectively: 

The fee schedule is based on a relative-value scale and a 
monetary conversion factor. The relative-value scale is a numeri- 
cal valuation of all physician services according to a specific 
method of scale construction. A monetary conversion factor 
transforms a relative-value scale into a fee schedule. 

The study is based on resource-input costs of services and 
procedures that account for most of the charges in 18 major 
specialties. The resource-input cost consisted of time consumed by 
the service or procedure; intensity of the work, defined as encom- 
passing mental effort, judgment, technical skill, physical effort, 
and stress; amortized cost of specialty training; and overhead cost 
of practice, including professional liability insurance premiums. 
Total work of a given service consists of the physicians’ time and 


Michael D. Springer, Section Editor 
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the intensity with which that time is spent. To determine whether 
the RBRVS reflects only time input, or also captures the intensity 
of services, work was analyzed per unit of time for the four 
categories of services. 

Prior to the release of the study, ophthalmologists and their 
representative groups were concerned with the effect of the study 
on their Medicare fees. The most vocal opponent has been the 
American Academy of Ophthalmology (AAO). President-elect 
Robert D. Reinecke, MD, charged that the study is suspect since 
its methodology is being worked out along the way with the 
authors altering the methodology until the data support their 
predetermined conclusions. 

“The Harvard study group had done previous work which was 
procognitive and antiprocedural in respect to fee evaluations 
which continue today as the study team plays with different 
formulae to make the research look right,” Reinecke says. “The 
most basic research book dictates that methodology be deter- 
mined before one collects data. Here is a study whose report is due 
and the methodology is to be based on how the data look. The 
inference is that if the study does not show what Congress and 
authors desire, then the methodology will be altered until the data 
support their predetermined conclusions.” 

The Academy will conduct discussions with the government 
concerning the impact of the study on ophthalmologists. It is also 
planning a detailed survey of ophthalmologists on resource and 


practice costs. These results will be compared with the Hsiao data ~ 


and, it is hoped, will provide hard data to counter potential 
problems with the RBRVS. There will also be a critique of the 
study’s methodology. 

The American Medical Association provided names of physi- 
cians for the advisory panels as well as access to the AMA 
Physician Masterfile. James S. Todd, MD, Senior Deputy Execu- 
tive Vice president of the AMA, served on the project’s Advisory 
Committee. He commented that “No one should expect the 
resource based RVS to solve the problem of health care expendi- 
tures. If it is workable, the best it will do is provide a rational 
basis on which to judge the value of a physician’s fee but not 
necessarily determine that fee.” Todd continued, “The AMA’s only 
committment is to the completion of the study, not its endorse- 
ment. There are many imponderables, and the study needs to 
stand the scrutiny of peer review as does any other piece of 
research.” 

The RBRVS is far from being accepted as law. It must meet the 
critical eyes of the medical community, the Physician Payment 
Review Commission, and Congress, to say nothing of opposition 
from the ophthalmological community whose pockets could come 
up half empty. 

JULIE FOREMAN 


1. Hsiao W, Braun P, Kelly NL, et al: Results, potential effects, and 
implementation issues of the Resource-Based Relative Value Scale. JAMA 
1988;260:2429-2438, 
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Book Reviews 


Neuro-Ophthalmology: A Problem- 
Oriented Approach, by Roy W. Beck 
and Craig H. Smith, 264 pp, with illus, 
Boston, Little Brown & Co Inc, 1987, 
$39.50. 


Many clinicians find neuro-ophthal- 
mology overwhelming, requiring in- 
frequently used, but time-consuming, 
skills to distinguish mysterious disor- 
ders. Drs Beck and Smith have cap- 
tured the essence of this subject in a 
gem of a book that can be used both 
as a quick reference and as a pro- 
grammed text. 


“The beauty of this book is its 
simplicity.” 


The book begins with a brief review 
of the neuro-ophthalmic examination 
and the mterpretation of visual fields. 
It then proceeds through a fairly 
orderly synopsis of the major neuro- 
ophthalmie problems, beginning with 
the afferent visual system and ending 
with motor precesses. Each subject is 
covered in twe to four pages, begin- 
ning with a brief case report. This is 
followed by a logical discourse on the 
differential diagnosis, leading to a 
review of the correct diagnosis. The 
emphasis is on diagnosis by signs and 
symptoms, without reliance on labo- 
ratory or radiologic tests. The general 
guidelines for management are dis- 
cussed, but controversial features of 
treatment are avoided. Finally, each 
section has a short bibliography con- 
taining key references. 

The beauty of this book is its sim- 
plicity. Ik is compact, paperback, and 
relatively inexpensive. Neurosur- 
geons, neurologists, and ophthalmic 
residents will want to have it as a 
readily available overview of all the 
common  neuro-ophthalmic condi- 
tions. Educaters will find its pro- 
grammed approach of case presenta- 
tions a valuable teaching tool. The 
preface indicates that slides of the 
cases are for this purpose. 

The text is succinct and precisely 
written. The layout is visually appeal- 
ing and, generally, figures are imme- 
diately adjacent to the appropriate 
text, eliminating the need for cap- 
tions. The photographs and color 
plates are of good quality. 

A number of authors have tried 
recently to simplify neuro-ophthal- 
mology. This is the best effort yet. 

MARK BORCHERT, MD 
Boston 
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Bear in Mind 


The following is a list of books 
reviewed during the past six months 
that were considered to be important 
contributions to the ophthalmic liter- 
ature. They are arranged in the order 
that the reviews appeared. 


In Search of the Modern Hippo- 
crates, edited by R.J. Bulger, 256 pp, 
lowa City, Unwersity of lowa Press, 
1987, $27.50. 


“Loosely following a central theme 
dealing with the relevance of the Hip- 
pocratic oath in modern medicine.” 


The Vitreous and Vitreoretinal 
Interface, edited by Charles L. Schep- 
ens and Adolphe Neetens, 315 pp, New 
York: Springer-Verlag NY, Inc, 1987, 
$57. 


“Updates our understanding of the 
role of the vitreous.” 


Surgical Intervention in Corneal 
and External Diseases, by Richard 
Abbott, 194 pp, New York, Grune & 
Stratton, 1987, $79.50. 


“A veritable encyclopedia of surgi- 
cal procedures for external disease 
problems.” 


Cutaneous Abnormalities of the 
Eyelid and Face: An Atlas with Histo- 
pathology, by Don G. Griffith, Stuart J. 
Salaschi, and Donald E. Clemons, 367 
pp, with illus, New York, McGraw-Hill 
International Book Co, 1987, $150. 


“An excellent clinical atlas and 
guide to the baffling array of common 
periocular cutaneous disorders.” 


Manual of Corneal Surgery, edited 
by William E. Bruner, Walter Stark, and 
A. Edward Maumenee, 134 pp, with illus, 
New York, Churchill Livingstone Inc, 
1987, $32. 


“It is the best medical textbook buy 
of the year.” 


‘‘Peripheral Corneal Diseases,” 
edited by Vincent P. deLuise and Khalid 
F. Tabbara (section eds) and ‘‘Neu- 
roophthalmology,”’ edited by Roy W. 
Beck and Craig H. Smith (section eds), in 
International Ophthalmology Clinics, 
323 pp, Boston, Little Brown & Co Inc, vol 
26, issue 4, 1936, $20. 


“The book warrants a good to 
excellent recommendation.” 


Colour Vision Deficiencies VIII, 
edited by G. Verriest, Dordrecht, the 
Netherlands, Martinus Nijhoff Publishers, 
1987, $124.50. 


“Merits the attention of ophthal- 


oe 
- Y 


mologists and visual scientists in the 
areas outlined.” 


Detection and Measurement of 
Visual Impairment in Pre-Verbal Chil- 
dren, edited by Barrie Jay, 403 pp, 
Dordrecht, the Netherlands, Martinus Nij- 
hoff Publishers, 1986, $93.50. 


“The discussions that follow some 
of the reports are especially interest- 
ing.” 


Twenty-five Years of Vision: The 
Story of Bascom Palmer Eye Insti- 
tute, by Todd Ellenberg, researched by 
Doris Silver, 209 pp, with illus, Miami, 
Fla, Bascom Palmer Eye Institute, 1986, 
$10. 


“A story of a phenomenon occurring 
in this generation.” 


The History of Ophthalmology, vol 
I: The First Half of the 19th Century: 
ll, France, by Julius Hirschberg, trans- 
lated by Frederick C. Blodi, 344 pp, with 
illus, Bonn, West Germany, J.P. Wayen- 
borgh Verlag, 1986, $163. 


The History of Ophthalmology, vol 
8a: The First Half of the 19th Century: 
IV. Great Britain (a), by Julius Hirsch- 
berg, translated by Frederick C. Blodi, 
406 pp, with illus, Bonn, West Germany, 
J.P. Wayenborgh Verlag, 1987, $198. 


“Continues to maintain the high 
standard of the earlier parts.” 


Clinical Ophthalmic Pharmacolo- 
gy, by David W. Lamberts and David E. 
Potter, 588 pp, Boston, Little Brown & Co 
Inc, 1987, $55. 


“Most chapters were well docu- 
mented and carefully written.” 


Laboratory Diagnosis in Ophthal- 
mology, edited by Zeynel A. Karcioglu, 
New York, Macmillan Publishing Co Inc, 
1986, $65. 


“It gives the practicing ophthalmol- 
ogist access to clinical laboratory 
information that is not readily avail- 
able elsewhere.” 


Sports Ophthalmology, edited by 
Louis D. Pizzarello and Barrett G. Haik, 
201 pp, with illus, Springfield, Ill, Charles 
C Thomas Publisher, 1987, $29.75. 


“The chapter that stands out... de- 
scribes the rationale for prescribing 
lenses for sports vision.” 


Converting to Phacoemulsification 
(A Manual for the Surgeon in Transi- 
tion), by Paul S. Koch, 69 pp, with illus, 
Thorofare, NJ, Slack Inc, 1987, $19.50. 


“An excellent guide for the surgeon 
who desires to master this most chal- 
lenging technique.” 


Book Reviews 1517 


| 
7 
| 
TEE 


News and Comment 


National Advisory Eye Council Mem- 
bers Named.—Secretary of Health and 
Human Services Otis R. Bowen, MD, 
has announced the appointment of 
John T. Flynn, MD, of Miami, Erwin J. 
Lurie, of New York, and Bruce E. Spiv- 
ey, MD, of San Francisco, to serve on 
the National Advisory Eye Council, 
the principal advisory body to the 
National Eye Institute (NEI). The 
council includes 12 public members 
and five ex officio representatives. 

The new council members, to serve 
four-year terms ending Nov 30, 1991, 
will advise NEI director Carl Kupfer, 
MD, and his staff on the awarding of 
grants for vision research and 
research training. They will also pro- 
vide guidance on NEI research policy 
and program planning. 


Thomas D. Duane, MD, PhD, Receives 
Howe Medal From the American Ophthal- 
mological Society.—Thomas D. Duane, 
MD, PhD, of Bedminster, Pa, who 
served as ophthalmologist-in-chief at 
Wills Eye Hospital, Philadelphia, 
from 1973 to 1981, received the Howe 
Medal during the annual meeting of 
the American Ophthalmological Soci- 
ety. The medal is a prestigious award 
given annually to an individual, us- 
ually an American Academy of Oph- 
thalmology member, who is deemed to 
have made important contributions to 
the field of ophthalmology. 

Dr Duane was appointed professor 
and chairman of ophthalmology at 
Jefferson Medical College, Thomas 
Jefferson University, Philadelphia, in 
1962. In 1973, he was made ophthal- 
mologist-in-chief at Wills Eye Hospi- 
tal, a post he held until his retirement 
in 1981. He is currently emeritus pro- 
fessor of ophthalmology at Jefferson 
Medical College and Consulting Sur- 
geon at Wills Eye Hospital. In 1987, 
the Thomas David Duane Professor- 
ship in Ophthalmology was estab- 
lished at Wills Eye Hospital and Jef- 
ferson Medical College in his honor. 

In 1984, Dr Duane was honored with 
the American Academy of Ophthal- 
mology’s Distinguished Service 
Award in recognition of his unique 
contributions to the specialty of oph- 
thalmology. He served as a member of 
the Academy’s board of Directors 
from 1979 to 1982 and was a member 
of the Board of Directors of the Amer- 
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ican Board of Ophthalmology from 
1981 to 1984. His five-volume compila- 
tion of Clinical Ophthalmology and 
the three-volume set Biomedical 
Foundations of Ophthalmology are 
standards for teaching in the field. 


International Conference on Low 
Vision.—The International Confer- 
ence on Low Vision will be held from 
March 13-16, 1990, in Melbourne, con- 
ference themes include international 
low vision care—what we are doing; 
demands for care in different coun- 
tries; and developments in the next 
decade. Call for papers, due March 
1989. For more information, write or 
telephone: Conference Organising 
Committee, c/o Association for the 
Blind, 454 Glenferrie Rd, Kooyong, 
Victoria, Australia, 3144; telephone: 
Australia (03) 822-8701. 


AIDS Tops Cancer and Blindness as 
‘Most Feared Disease’ in Gallup Sur- 
vey.— Acquired immunodeficiency 
syndrome (AIDS) has replaced cancer 
and blindness as the most feared of all 
diseases, a recent Gallup Survey has 
revealed. More than 50% of Ameri- 
cans see the disorder—unknown a 
decade ago—as “the worst affliction 
that can happen to them,” says Lew R. 
Wasserman, chairman of Research to 
Prevent Blindness (RPB), which has 
sponsored such surveys at approxi- 
mately ten-year intervals to assess 
public attitudes concerning blind- 
ness. 

Blindness, however, remains the 
most feared of all disabilities, named 
“the worst” by 42% of the 1072 adults 
interviewed, Mr Wasserman reported. 
Loss of memory was chosen by 36%, 
with other handicaps, such as deaf- 
ness, muteness, and loss of a limb, 
mentioned by fewer than one in ten 
persons. 

The Gallup statistics were cited by 
Mr Wasserman during welcoming 
remarks to journalists and scientists 
attending RPB’s Tenth National Sci- 
ence Writers Seminar in Eye 
Research at the Sheraton National 
Hotel in Arlington, Va (Sept 25-28). 

In previous Gallup surveys taken in 
1965 and 1976, cancer was considered 
“the most feared of all diseases” by 
well over half the population surveyed 
(62% and 58%, respectively), with 
blindness second (18% and 21%, 


respectively) and heart disease third 
at 10%. But the impact of AIDS now 
overshadows the fear of both cancer 
(17%) and blindness (6% ), while Alz- 
heimer’s disease, not listed in previ- 
ous surveys, is mentioned with the 
same frequency as cancer. 

The unforseeable emergence of 
AIDS presents a new and urgent chal- 
lenge to eye researchers, Mr Wasser- 
man said, since 75% of all AIDS vic- 
tims face potential blindness from the 
devastating visual complications of 
the disease. 


Department of Ophthalmology Chair- 
man Appointed at Medical University of 
South Carolina.—David J. Apple, MD, 
has been named professor and chair- 
man of the Department of Ophthal- 
mology, Medical University of South 
Carolina, Charleston. He will also 
hold the recently established William 
W. Vallotton Chair of Biomedical 
Engineering in Ophthalmology. 

Dr Apple is board certified in both 
pathology and ophthalmology and is a 
specialist in the field of ophthalmic 
pathology and complications of in- 
traocular lenses. He has served as 
professor of ophthalmology and 
pathology at the University of Utah 
Health Sciences Center, Salt Lake 
City, since 1981. He also was director 
of the Center of Intraocular Lens 
Research, which was transferred to 
Charleston upon his move in June 
1988. 
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CHRISTIAN OPHTHALMOLOGY SOCIETY 


PRESENTS AN ESSAY CONTEST 
ON THE SUBJECT 


HOW CAN WE RESTORE BIBLICAL ETHICS TO MEDICINE? 


This contest is for medical students, interns, 
residents, and fellows. The FIRST PRIZE will 

be $750. An additional $250 will be allotted 

for travel and expenses for the winner to come 

and present this paper at the 13th annual meeting 
of Christian Ophthalmology Society, which will 

be held in Oklahoma City, Okla. June 15-18, 1989. 
A second prize of $300 will also be awarded. 


All entries should be sent to Dr. Al Thomas, 

P.O. Drawer "D", Hot Springs, Arkansas 71902 
before the deadline of April 1, 1989. The awards 
will be made May 1, 1989. 


For inquiries about the meeting, write Dr. B. K. 
Farris, 3808 Chickasha, Edmond, Okla. 73013. 

To apply for grants-in-aid for help in coming to 

the meeting, write Dr. W. T. Parkerson, Suite 404, 
225 Hawthorne Lane, Charlotte, NC 28204. 
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Editorials 





Further Dissemination of Ophthalmic 


Knowledge 


revious editorials’? have emphasized the value of 

widely disseminating the new information that 
appears in the ARCHIVES. All US ophthalmologists 
known to the American Medical Association, for 
example, receive our regular monthly issue. Also, the 
ARCHIVES is sold in 100 other countries, and the 
circulation of the English-language version now 
exceeds 22 000. In addition, our Chinese translation is 
circulated te about 10000 individuals and institu- 
tions in the People’s Republic of China, making the 
ARCHIVES the most widely distributed ophthalmic 
periodical in the world. More importantly, reader- 
ship surveys indicate that most ophthalmologists 
- consider the content of the ARCHIVES to be valuable 
and clinically relevant. These surveys also show that 
many readers carefully peruse the pages of the 
ARCHIVES from cover to cover. 

The monthly format of the ARCHIVES permits 
timely publication of current knowledge in a wide 
array of specialized areas. The Editorial Board 
makes serious efforts to publish worthy articles as 
rapidly as possible. The editorial review and the 
technical aspects of manuscript processing have been 
streamlined over the past several years. Regarding 
the content of manuscripts, however, we cannot 
coordinate or control the timing or receipt of articles. 
on similar or identical subjects. Nonetheless, we do 
attempt to publish such articles together whenever 
possible. This type of simultaneous publication per- 
mits readers to compare and contrast related ideas, 
data, and cenclusions. 

Although this technique of collating articles 
undoubtedly has interest and value to the reader, it 
is rarely possible for us to publish entire issues on 
single subjects (so-called “theme issues”). First, we 
rarely have a sufficient number of fully processed 
manuscripts in single areas of interest. More impor- 
tantly, mest of our readers and we, ourselves, enjoy a 
more diverse offering of new information. On the 
other hand. there are ample reasons for collecting 
articles on related topics. Compendia of such articles 
are useful for educational purposes—for both stu- 
dents and teachers and for either review purposes or 
for acquiring new knowledge. They are also helpful 
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in planning or analyzing clinical or basic research 
projects. Furthermore, for those readers with spe- 
cialized interests, such compendia conveniently 
exclude articles of lesser relevance while consolidat- 
ing related subjects of current interest within two 
covers. Because ophthalmology has become more and 
more specialized, increasing numbers of readers now 
prefer to concentrate their efforts in highly selected 
areas. 

To meet this need for specialization, selected arti- 
cles previously published in the ARCHIVES will appear 
in a new series of books, each of which concentrates 
on one important ophthalmic area. These books, to be 
published by PG Publishing Pte Ltd of Singapore, an 
organization with substantial experience in ophthal- 
mic publishing, will be available in early 1989. Distri- 
bution of these volumes will carry our authors’ ideas 
into areas of the world where they are seen and 
heard with relative infrequency, particularly some 
portions of Asia, Australasia, and Europe. North 
American and other readers will also have access to 
these useful monographs by writing to the publisher: 
PG Publishing Pte Ltd, Suite 0609, Mount Elizabeth 
Medical Centre, Mount Elizabeth, Singapore 0922; 
telephone, 2350006. 

The first four titles in the series Selections From 
the Archives of Ophthalmology are Refractive Kera- 
toplasty, Laser, Diabetic Retinopathy, and Intraocu- 
lar Lens Implants. These subjects obviously reflect 
current interests and needs. All articles within each 
book have been culled from recent issues of the 
ARCHIVES and will be reprinted without change. 
Readers can be assured, therefore, that the concepts 
are current and that the material has withstood 
careful editorial scrutiny prior to its acceptance. 

MORTON F. GOLDBERG, MD 
Editor 
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Observations Following Laser Treatment for 


Choroidal Neovascularization 


| Pree photocoagulation can reduce the risk of 
severe visual loss in patients with well-defined 
choroidal neovascular membranes (NVMs) that do 
not involve the center of the fovea. However, new or 
recurrent neovascularization can limit the benefits 
of treatment, as reported by the Macular Photocoag- 
ulation Study Group.' In patients with age-related 
macular degeneration (AMD), the average three- 
year posttreatment visual acuity was 20/50 without 
recurrence and 20/250 with recurrence. In patients 
with ocular histoplasmosis (OHS), the three-year 
posttreatment visual acuity was 20/32 without 
recurrence and 20/64 with recurrence. 





See also pp 1528 and 1533. 





Recent reports indicate two-year posttreatment 
recurrence rates of 50% to 60% in patients with 
AMD and 20% to 30% in patients with OHS. Because 
the adverse effect on visual acuity is substantial, 
efforts have been made to reduce the frequency of 
recurrence and to recognize recurrence early, when 
re-treatment may be possible. To detect recurrences 
at a treatable stage, treated patients are examined at 
two-week intervals until it is clear that the vessels 
are no longer leaking. Because ophthalmoscopic and 
biomicroscopic signs of recurrence can be subtle, 
even for the most experienced clinicians, fluorescein 
angiography is performed at these follow-up exami- 
nations. If definite leakage is detected, especially 
along the perimeter of the photocoagulation scar, 
and if the leakage does not involve the center of the 
fovea, additional treatment is recommended. Re- 
treatment does carry additional risks, however. 
Because the recurrence is most often along the foveal 
side of the initial treatment zone, additional laser 
applications will be placed closer to the fovea, 
increasing the risk of foveal damage and accompany- 
ing visual impairment. Because the laser treatment 
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is extended into the scar, which was thinned by the 
previous laser treatment, there may be an increased 
risk of perforation of Bruch’s membrane and accom- 
panying hemorrhage. 

In this issue of the ARCHIVES, Caskey and Folk? de- 
scribe a series of patients in whom superficial fluo- 
rescent vessels developed within the laser scar after 
photocoagulation for a choroidal NVM. Their obser- 
vation of what they called retinal revascularization 
is important, because it occurred in 7% of their pa- 
tients after photocoagulation and can easily be mis- 
taken for recurrent choroidal NVM, which has a dif- 
ferent prognosis. The most important means of dis- 
tinguishing retinal revascularization from recurrent 
choroidal NVM is by careful study of the stereoscopic 
fluorescein angiogram. In eyes with retinal revascu- 
larization, the leaking vessels are entirely retinal in 
origin, and the leakage is confined to the inner 
retina. In contrast, in true recurrent NVM, stereo- 
scopic fluorescein angiography shows that the leak- 
age originates from vessels beneath the retina, and 
the fluorescein pools beneath the retina. 

In addition to clues suggested by careful study of 
the stereoscopic fluorescein angiogram, three other 
features may alert the clinician to the possibility of 
retinal revascularization: (1) heavy initial photoco- 
agulation, leading to dense laser scarring; (2) the 
appearance of internal limiting membrane wrinkling 
at the posttreatment examination; and (3) retinal 
capillary obliteration seen on the posttreatment 
fluorescein angiogram. Although Caskey and Folk 
indicate that retinal revascularization is recognized 
two to eight weeks (average, four weeks) after treat- 
ment, this is not particularly helpful, because this is 
a common time for true recurrent choroidal NVM to 
be detected. Of greater importance is the observation 
that, in 19 of 20 cases, the leakage from retinal 
revascularization was in the center rather than 
along the perimeter of the laser scar. While true 
recurrent NVM can appear within as well as along 
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the perimeter of a treatment scar, many clinicians 
believe that it may be safe to observe an area of 
central leakage, beeause it is usually not an immedi- 
ate threat to visual acuity. 

Thus, laser surgeons should carefully study the 
stereoscopic fluorescein angiograms of patients who 
have leakage from the center of a laser-treatment 
scar. If this leakage is superfical and from vessels 
entirely within the retinal circulation, the leakage 
should be observed. In the current series, the vessels 
regressed, and the patients did well without further 
treatment im the majority of cases. If persistent 
central leakage is seen beneath the retina, additional 
treatment probably is warranted. 

Although heavy initial laser treatment was a 
common predisposing factor for the development of 
retina! revascularization, the existence of this entity 
should net be considered an indication for laser 
surgeons to reduce the intensity of applications when 
treating NVMs. Te date, no one has demonstrated 
that less intense laser treatment provides the same 
beneficial effects as the standard heavy treatment 
employed in the Macular Photocoagulation Study. 

Moreover, the side effect of retinal revasculariza- 
tion is usually self-limiting. Consequently, one 
should not compromise the benefit of heavy laser 
treatment for NVM to minimize what appears to be a 
relatively benign side effect. 

Alse in this issue, Shah and coworkers’ describe 
quantitatively a phenomenon that has been observed 
for more than ten years. This phenomenon is the 
expansion of photecoagulation scars over time. The 
current report indicates that in patients followed up 
for at least two years after treatment for choroidal 
NVM secondary to OHS, the scar expanded in area 
50% per year for the first two years and 4.6% per 
year thereafter. Im addition, the scar was 3.2 times 
larger in area than the initial treatment area and 
was almest 0.5 mm (480 um) closer to the fovea! 
avascular zone (FAZ) than the initial treatment 
border. Despite the expansion in scar size, however, 
there was mo substantial visual loss, even in eyes in 
which the sears expanded to involve the center of the 
FAZ. It sheuld be noted that this study was limited 
to patients with OHS, who are often in their 40s at 
the time NVM develops. Thus, the lack of visual 
effects resulting from expansion of the scar into the 
FAZ should not be extrapolated to older patients or 
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to patients with AMD or other conditions. 

In 1988, Rice and coworkers? indicated that one 
could predict the size of the fimal laser scar by 
measuring the area of spread or “runoff” on the 
posttreatment stereoscopic color photographs. The 
current report by Shah et al extends the earlier 
observation. The report concerning scar expansion 
should not discourage the application ef intense laser 
lesions, because heavy treatment has been shown to 
have a beneficial effect in controlled clinical trials. 

Technological developments may be of some value 
in improving the prognosis for patients undergoing 
laser treatment for choroidal NVM. For instance, in 
the series reported by Caskey and Folk, 18 of 20 eyes 
were treated with the argon laser. Inner retinal 
absorption of argon energy may have contributed to 
the development of retinal revascularization. Use of 
krypton red or dye red wavelengths might reduce the 
frequency of revascularization, but such data have 
not yet been reported. In the meantime, the impor- 
tant components of successful laser treatment for 
choroidal NVM remain a good stereoscopic fluoresce- 
in angiogram, a skilled and experienced surgeon, 
application of confluent lesions of sufficient intensi- 
ty and extent to envelop and close the membrane, 
and careful posttreatment follow-up that includes 
stereoscopic fluorescein angiography and biomicros- 
copy. 

STUART L. FINE, MD 
Baltimore 


References 


1. Macular Photocoagulation Study Group: Argon laser photo- 
coagulation for neovascular maculopathy: Three-year results from 
randomized clinical trials. Arch Ophthalmel 1986;104:694-701. 

2. Caskey PJ, Folk JC: Retinal revascularization following laser 
photocoagulation for choroidal neovascular membranes. Arch 
Ophthalmol 1988;106:1528-1532. 

3. Macular Photocoagulation Study Group: Argon laser photo- 
coagulation for senile macular degeneration: Results of a random- 
ized clinical trial. Arch Ophthalmol 1982;100:912-918. 

4. Macular Photocoagulation Study Group: Argon laser photo- 
coagulation for ocular histoplasmosis: Results of a randomized 
clinical trial. Arch Ophthalmol 1983;101:1347-1357. 

5. Shah SS, Schachat AP, Murphy RP, et al: The evolution of 
argon laser photocoagulation scars in patients with the ocular 
histoplasmosis syndrome. Arch Ophthalmel 1938;106:1533-1536. 

6. Rice TA, Murphy RP, Fine SL, et al: Stability of size of argon 
laser photocoagulation scars in ocular histoplasmosis, in Fine SL, 
Owens SL (eds): Management of Retinal Vaseular and Macular 
Disorders. Baltimore, Williams & Wilkins, 1983. 


Editorials 1525 


Fe =i CT TA : 7. Tw = + ae Tee Ve FF = i oe 35 = = 5 > 


Presbyopia 


resbyopia, fresbyopia—who cares! Look up Don- 

ders’ table, if you have not already memorized it, 
and give them reading glasses. “It’s old age creep- 
ing up on you, Mr Jones. Welcome to the club! Here’s 
your prescription. There’s nothing else we can do 
about it.” 

Well, maybe there isn’t. But how can we know that 
when some textbooks still attribute presbyopia to 
some unknown entity of “lenticular sclerosis” and 
the word “presbyopia” is conspicuous in subject 
indexes of research journals only by its absence? 
This issue of the ARCHIVES represents a rare excep- 
tion, containing a highly relevant article by Lutjen- 
Drecoll and colleagues! on aging changes in ciliary 
muscle structure and responsiveness. 


See also p 1591. 


Before we address the implications of this contri- 
bution, we must briefly consider some assumptions 
that may account for the remarkable lack of research 
on the seemingly unique vulnerability of our accom- 
modative mechanism to aging. The reader is referred 
to reviews?“ for more detailed examination of these 
assumptions and for discussion of the evolutionary, 
behavioral, and comparative aspects of accommoda- 
tion and presbyopia. 

One assumption that appears to contribute to the 
general lack of interest in presbyopia is the belief 
that it is an inevitable consequence of aging that can 
be neither prevented nor forestalled. This belief 
clearly stems from the predictability of accommoda- 
tive decline. We must remember, however, that not 
too long ago some childhood diseases were regarded 
as inevitable because of the predictability of their 
occurrence. Perhaps people then accepted the “God 
giventh and God taketh away” philosophy even more 
stoically than we now accept our first spectacles as 
just one more milestone in our passage through 
life. 

Another of these assumptions may be that presby- 
opia is not a serious enough affliction and does not 
have a sufficient economic impact to warrant 
research. For example, a recent publication prepared 
for the National Eye Institute’ contains 28 pages 
devoted to cataracts but only one paragraph on 
accommodation and presbyopia. The same publica- 
tion estimates that the annual cost of cataract 
surgery in the United States is $2.5 billion and that 
this surgery, including intraocular lens implants, has 
a success rate of 95% to 97%. Thus, one could 
conclude that cataracts have been virtually elimi- 
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nated as a cause of serious visual impairment. Given 
the fact that we have no means of restoring accom- 
modation, the funding of 100 projects on cataracts 
and none on presbyopia*’ is most difficult to explain 
on the basis of impact on vision and, as we shall see, 
does not appear to be justifiable on the basis of 
economic considerations. 

Even though more and more people are expected to 
depend longer and longer on near visual tasks, the 
economic impact of presbyopia is generally ignored. 
Although “add lenses” can provide reasonable com- 
pensation for lost accommodative capacity, at least 
as far as reading is concerned, even the best bifocals 
may not be of much help to someone working in a 
confined situation, such as under the dashboard of a 
car. 

Because the onset of presbyopia coincides with the 
beginning of our most productive years, we must 
consider not only the cost of visual correction but the 
cumulative cost of a general reduction in our work 
efficiency, as well as the personal injuries and prop- 
erty damage that may be attributable to this visual 
handicap. In the absence of data on its economic 
impact, it could only be estimated‘ that the cost of 
presbyopia amounts to tens of billions of dollars in 
this country alone, even if we assume only a 1% or 
2% decrease in productivity, depending on occupa- 
tion, during the 15 to 20 years between the typical 
onset of presbyopia and the age of retirement. Even 
more conservative estimates are likely to produce 
cost estimates that are still many times that of 
cataract care. I would be eager to hear from anyone 
who has access to relevant data, can generate better 
estimates, or can provide any information, either 
anecdotal or statistical, on the impact of presby- 
opia. 

The lack of an appropriate animal model has 
certainly hindered presbyopia research. However, 
this obstacle has been removed by the demonstration 
that rhesus monkeys, the subjects of the experiments 
reported in this issue of the ARCHIVES,’ exhibit 
age-dependent loss of accommodative capacity®? and 
are highly suitable for presbyopia research.’ 

Despite increasing interest in research on aging, it 
may be assumed that similar research on accommo- 
dation is unwarranted because of the low probability 
that its decline could be prevented or forestalled. 
This defeatist attitude is not based on scientific 
facts.? In the absence of effective research we can 
provide evidence neither for nor against this atti- 
tude. However, even if presbyopia turns out to be 
inevitable, research on this aspect of ocular aging is 
essential for understanding other aspects of ocular 
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aging and for evaluating the feasibility of costly and 
potentially high-risk research and developmental 
projects. For example, in the absence of such under- 
standing a drug might be developed, at great 


“expense, that prevents cataract formation prophy- 


lactically, but it might turn out to do so at the 
expense of accelerated development of presbyopia. In 
contrast, an understanding of the causes of presby- 
opia could assist the development of drugs that 
would forestall the onset of both afflictions. 

The costly development of elastic intraocular lens 
implants to restore some accommodative function 
may be even more directly relevant. The accompany- 
ing article,’ together with recent videocyclographic 
findings,” shows that presbyopia development is 
paralleled by an apparent decrease in ciliary body 
motility. The simplest explanation is clearly the 
age-dependent less of ciliary muscle contractility. 
This would imply that elastic intraocular lenses, 
even if they mimicked the properties of prepresbyop- 
ic lenses, mizht not be able to restore accommoda- 
tion in a presbyopic eye. 

However, mmobility of the ciliary body complex 
does net necessarily imply ciliary muscle impair- 
ment. On the contrary, muscle strength is reputed to 
be relatively insensitive to aging and there is no 
indication that intraocular muscles are an exception 
to this rule.™ 

A working hypothesis has been proposed,’ there- 
fore, that attributes the primary cause of presbyopia 
to deterioration of extralenticular elastic compo- 
nents, resulting in the loss of the ability to reverse 
the accommodative process, ie, in the loss of disac- 
commodative capacity rather than the loss of accom- 
modative ability. It should be remembered that it is 
during disaecommodation that the deformation of 
the lens against its own elastic recoil requires work 
derived from extralenticular stored elastic energy. 
Loss of extralenticular elastic properties, against 
which the ciary muscle normally exerts its contrac- 
tile force, would unquestionably alter and might 
eliminate the configurational changes that are nor- 
mally associated with contraction and relaxation of 
this muscle. +° 

The past “ew decades of research in ocular aging 
can be characterized as the lenticulocentric period, in 
which it has been assumed that extralenticular 
functions remain unaltered even after the onset of 
presbyopia. It is time for a holistic approach that 
looks at the effects of aging on all structures and 
functions of the eye and at the interactions among 
them. Most importantly, we must consider that 
presbyopia, the first sign of ocular aging, may con- 
tribute to the development of other geriatric ocular 
abnormalites. 

The hypothesis that presbyopia results from dete- 
rioration of extralenticular elastic components has 
intriguing implications in this regard. For example, 


_ the forces that are periodically exerted on the lens of 


the youthful eye may affect lenticular growth by 
stimulating cell proliferation in the germinative 
zone ef the capsular epithelium.” Such periodic 
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deformation of the youthful lens may also contribute 
to other aspects of normal lenticular physiology such 
as the distribution of nutrients. Hence, the loss of 
these forces may contribute to cataractogenesis.' 
Furthermore, elastic components in the ciliary body 
and choroid can be expected to inflwenee uveoscleral 
outflow as well as the maintenance of normal trabec- 
ular meshwork architecture and function. It should 
be noted that forces delivered to the seleral spur, in 
conjunction with accommodation, may be required 
for the periodic “shake-up” of the filtration angle. 
Thus, according to the above-mentioned hypothesis, 
as opposed to the lenticulocentrie point of view, 
presbyopia may render the trabecular meshwork 
more vulnerable to degenerative changes and hence 
may contribute to the development of ocular hyper- 
tension and geriatric glaucoma. 

Aside from such broader implications, we owe it to 
ourselves to gain a better understanding of the 
fundamental processes of presbyopia development 
before we resign ourselves to living out half of our 
productive years with the accommodative amplitude 
of a rabbit. The article in this issue on the effects of 
aging on the primate ciliary body! represents a 
challenging step in the right direction. 

LaszLo Z. Bito, PHD 
New York 
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Retinal Revascularization Following 


Laser Photocoagulation Treatment 


for Choroidal Neovascular Membranes 


Patrick J. Caskey, MD, James C. Folk, MD 


è Retinal revascularization developed 
within the treatment scar in 7% of 
patients who had laser photocoagulation 
treatment for a choroidal neovascular 
membrane. This revascularization could 
be mistaken for recurrent choroidal neo- 
vascularization because it initially prolif- 
erated into a glomerularlike structure and 
showed dye leakage on angiography. 
Unlike choroidal neovascularization, 
these vessels, however, filled entirely 
from the retinal circulation and stereo- 
scopic angiograms showed them to be 
located in the inner retina. In the 20 
patients who were followed up, the retinal 
revascularization first appeared approxi- 
mately four weeks after treatment and 
persisted for an average of ten weeks. It 
was associated with dense laser scarring, 
retinal capillary obliteration, and internal 
limiting membrane wrinkling, suggesting 
that heavy initial laser treatment was a 
predisposing factor for its development. 
It is important to differentiate retinal 
revascularization, which has an excellent 
prognosis and does not require re-treat- 
ment, from recurrent choroidal neovascu- 
larization, which usually must be treated 
promptly to avoid loss in visual acuity. 

(Arch Ophthalmol 1988;106:1528- 
1532) 


[ae photocoagulation for extrafo- 
veal choroidal neovascularization 
has been shown to prevent loss in 
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visual acuity in patients with age- 
related macular degeneration, pre- 
sumed ocular histoplasmosis, and 
idiopathic choroidal neovasculariza- 
tion.'* Expertise in the evaluation of 
posttreatment fluorescein angio- 
grams is necessary for the proper 
treatment of these patients, because 
recurrent choroidal neovasculariza- 
tion must be diagnosed and treated 
promptly. If recurrent neovasculari- 
zation is left untreated or re-treated 
inadequately it will usually grow into 
the foveal center and result in severe 
loss in visual acuity.*° 


See also p 1524. 


Re-treatment in an area of previous 
photocoagulation can be difficult, 
however. The landmarks to guide 
treatment are often poorly visualized, 
there is reduced pigmentation to 
absorb the laser photocoagulation, 
and the retina is thinned. The risk of 
choroidal hemorrhage, retinal vascu- 
lar occlusion, Bruch’s membrane rup- 
ture, pigment epithelial rips, internal 
limiting membrane (ILM) wrinkling, 
and especially further photoreceptor 
and nerve fiber-layer damage from 
additional photocoagulation are all 
increased in eyes that require re- 
treatment.'"' It is important, there- 
fore, to differentiate between patients 
with true choroidal neovascular 
recurrences and those not requiring 
re-treatment. 

This report describes retinal revas- 
cularization that occurred at the 
treatment site in 20 patients after 
treatment with laser photocoagula- 
tion for choroidal neovascular mem- 
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branes. This retinal revascularization 
can easily be mistaken for a recurrent 
choroidal neovascular membrane be- 
cause it initially proliferates within 
the treatment scar into a tangle of 
small vessels that show dye leakage in 
the later phases of the angiogram. 
Additionally, it appears about four 
weeks after laser therapy, when the 
risk of recurrent choroidal neovascu- 
larization is highest. Retinal revascu- 
larization is self-limited, however, 
and should not be treated with addi- 
tional photocoagulation. 


PATIENTS AND METHODS 


We have recognized and collected over 
the past four years 14 cases of retinal 
revascularization following treatment 
with laser photocoagulation for choroidal 
neovascularization. To further define this 
entity we retrospectively reviewed the hos- 
pital and fluorescein angiographic records 
of the 175 patients with age-related macu- 
lar degeneration, presumed ocular histo- 
plasmosis syndrome, or idiopathic choroi- 
dal neovascularization who were treated 
with laser therapy from December 1984 to 
March 1986 by the Retina Service at The 
University of Iowa Hospitals and Clinics, 
Iowa City. Twelve (7%) of these 175 
patients had retina! revascularization. Six 
of these cases had not previously been 
collected and were added to the original 14 
for a total of 20. 

For this subgroup of 20 patients the 
following data were tabulated: (1) prelaser 
and postlaser visual acuities; (2) laser 
treatment parameters (number of burns, 
wavelength, and intensity); (3) associated 
posttreatment complications; (4) length of 
follow-up; (5) whether the retinal revascu- 
larization was mistaken for a recurrent 
choroidal neovascular membrane and re- 
treated; and (6) additional demographic 
data. The following case histories are rep- 
resentative of the 20 patients with retinal 
revascularization. 
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Fig \.—Case 1. Top left, Early fluorescein angiogram shows extrafoveal neovascular membrane prior to treatment. Top right, 
Fundus photograph taken immediately after treatment of membrane with argon green laser. Botton left, Fluorescein 
angiogram taken 31⁄2 weeks after argon laser treatment. Superficial retinal revascularization seen in center of treatment scar 
(original magnification X3). Bottom right, Fundus photograph taken three months after laser treatment. Dry laserscar is seen 
with mid intemal limiting membrane wrinkling. 


REPORT OF CASES 


Cas 1.—A 28-year-old woman presented 
on May 18, T984, with a complaint of visual 
blurring and metamorphopsia in the right 
eye. The visual aeuity was 20/20-2 OD and 
20/15 OS. Clinical and fluorescein angio- 
graphic evaluaticn revealed an extrafoveal 
neovascular membrane in the right eye, 
secondary to the presumed ocular histo- 
plasmosis syndreme (Fig 1, top left). The 
membrane was treated confluently with 
the argon green laser (80 burns, 100 to 350 
um, 0.2 to 05 s, and 200 to 300 mW) (Fig 1, 
top right). 

Although there was improvement in 
visual acuity forthe first three weeks after 
the laser treatment, on June 11, 1984, the 
patient was seem again with slowly recur- 
ring metamorphopsia on the right eye, 
first noted on June 7, 1984. Visual acuity 
was 20/20+-2 OD. Fundus examination 
revealed no subretina. fluid, but marked 
ILM wrinkling was present, along with 
several fine new vessels located in the 
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inner retina overlying the laser treatment 
site. Stereoscopic angiography showed that 
these new vessels were located in the inner 
retina, they filled entirely from the retinal 
circulation, and they leaked dye late dur- 
ing angiography (Fig 1, bottom left). The 
new vessels were recognized as retinal 
revascularization and the patient was not 
re-treated. 

These new symptoms disappeared one to 
two weeks after the examination on June 
11, 1984. The patient was seen again on 
July 2, 1984, and Aug 13, 1984. At the 
August visit the patient had no symptoms 
and her acuity was 20/15 OD. Fundus 
examination revealed a dry pigmented scar 
(Fig 1, bottom right). Angiography contin- 
ued to show the retinal vessels, but they 
appeared less well perfused and did not 
show late dye leakage. The patient’s last 
follow-up visit was Aug 19, 1986, at which 
time the acuity was 20/15 OU, and the 
right eye had a dry stable scar. 

CasE 2.—A 34-year-old woman presented 
on Feb 19, 1986, with decreased vision and 


a blind spot in the might eye. The acuities 
were 20/20 OU. Fundus and fluorescein 
angiographic examinations revealed an 
extrafoveal neovascular membrane in the 
right eye, secondary to presumed ocular 
histoplasmosis. Re atively heavy argon 
green laser treatment was applied to this 
neovascular membrane (147 burns, 200 to 
350 um, 0.2 to 0.5 s, and 150 to 250 mW) (Fig 
2, top left). 

The patient returned on March 19, 1986, 
noting decreased vision and an increase in 
the size and density of her blind spot in the 
right eye. The visual acuity was now 20/100 
OD. Fundus examination revealed a dense 
treatment scar with marked ILM wrink- 
ling radiating from the center of treat- 
ment. Several tiny new vessels were seen 
within the inner retina over the treatment 
scar. Stereoscopic angiography docu- 
mented the presence of these vessels in the 
superficial retina and their perfusion by 
the retinal circulation (Fig 2, top right). 
These vessels leaked dye copiously late 
during angiography (Fig 2, bottom left). 
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Fig 2.—Case 2. Top left, Fundus photograph taken immediately after argon green laser treatment of extrafoveal neovascular 
membrane. Top right, Early-phase fluorescein angiogram taken one month after laser treatment. Superficial retinal 
revascularization seen within treatment scar (original magnification X3). Bottom left, Late-phase fluorescein angiogram taken 
one month after treatment shows late dye leakage from retinal vessels. Retinal revascularization was re-treated with argon 
laser (original magnification X3). Bottom right, Fundus photograph taken three weeks after second laser treatment shows 
dense laser scar, internal limiting membrane wrinkling, and no evidence of residual retinal revascularization. 





Fig 3.—Case 3. Left, Early-phase fluorescein angiogram taken one month after treatment. Retinal revascularization is seen 
in center of treatment scar (original magnification X3). Right, Fundus photograph of same eye taken seven months after 
treatment shows dry treatment scar without residual retinal revascularization. 
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Table 1.—Patient Demogrephic and Treatment Data* 























Interval Visual Total 
Prelaser After Treatment Acuity Follow-up 
Patient No./ Visual Type of When RV at Time Time After Final Visual 
Age, y Disease Acuity Laser Noted, wk RV Noted Laser, mo Acuity Other Findings 

1/60 POHS 20/50 AG/KR 8 20/70 6 20/100 Recurrent CNVM, RW treated as 
recurrence 3 times 

2/31 POHS 20/40 AG 4 20/50 § 20/70 Recurrent CNVM, treated 2 y 
previously 

3/44 POHS 20/70 4 20/25 20/40 

4/44 POHS 20/25 3 20/20 20/25 





5/72 20/80 20/50 20/50 Recurrent ONV 


= 





6/66 20/40 3 20/50 20/70 Persistent RV 
7/37 20/20 4 20/20 20/20 Mild foveal draeging 
8/28 POHS 20/20 a 3 20/15 20/15 


ao} 


Ow; 









CNVM recurrence re- ‘treated 

16/39 POHS 20/100 20/100 20/70 

17/69 AMD 20/30 AG 4 20/50 13 20/500 Subfoveal CNVM 7 recurrence 4 mo 
after RV resolved 

18/34 POHS 20/20 AG 4 20/100 12 20/100 Foveal dragging, persistent diplopia 
after RV re-treated 

19/25 P@HS 20/20 20/30 20/20 

20/49 P@HS 20/20 a 20/15 12 20/15 





* Abbreviations are as follows: POHS, presumed ocular histoplasmosis syndrome; AMD, age-related macular degeneration; IDIO, idiopathic choroidal neovasculari- 
zation; AG, argon creen; KR, krypton red; ABG, argon blue-green; RV, retinal revascularization; and CNVM, choroidal neovascular membrane. 


Table 2.—Associated Findings in Patients 
With Retiaal Revascularization 


Percent of 
Patients 


Retinal vascular occlusion 
at treatment site 

Dense intraretinal and 
subretinal scarring 

Internal limiting membrane 
wrinkling 

Foveal dragging, 
symptomatic 

Bruch’s membrane 
perforatian 





This retinal revaseularization was mistak- 
enly treated as æ recurrence, and argon 
green laser therapy was again adminis- 
tered to the center of the previous treat- 
ment scar (68 burns, 200 um, 0.2 to 0.5 s, 
and 300 mW). 

The patient was seen again, three weeks 
later, with no new complaints. The visual 
acuity was 20/100 OD. Fundus examina- 
tion revealed a dense scar with ILM wrink- 
ling and no evidence ef residual retinal 
revascularization (Fig 2, bottom right). 
Angiography revealed obliteration of the 
retinal revascularization noted previously, 
as well as loss of much of the retinal 
capillary bed ower the treatment site. Over 


- almost two years of follew-up, the patient’s 


complaints ef eentral distortion and diplo- 
pia have persisted, and her acuity has 
remained 20/190 OD. 
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CASE 3.—A 62-year-old woman with age- 
related macular degeneration presented on 
June 23, 1983, with decreased vision in the 
left eye. Her acuity was 20/40 OS, and 
fundus examination revealed a small 
extrafoveal choroidal neovascular mem- 
brane. The membrane was treated with 
argon green laser (33 burns, 200 um, 0.2 to 
0.5 s, and 200 to 300 mW). 

The patient returned one month later 
with visual acuity of 20/50 OS. Fundus 
examination revealed a dense laser scar 
with no evidence of choroidal neovascular 
activity, but with several new retinal ves- 
sels overlying the treatment scar. Fluores- 
cein angiography demonstrated retinal 
revascularization at the laser site (Fig 3, 
left). No additional treatment was given. 
Six months later, the visual acuity was 
20/30 OS, and fundus examination showed 
a stable treatment scar (Fig 3, right). 
Repeated angiography showed no residual 
retinal revascularization. 


RESULTS 


Patient demographic data, underly- 
ing disease entities, and treatment 
data are summarized in Table 1. Thir- 
teen of 20 patients had presumed ocu- 
lar histoplasmosis syndrome, five 
patients had age-related macular 
degeneration, and two patients had 
idiopathic membranes. Argon green 
laser treatment was used in 12 


patients, argon blue-green in four, 
krypton red in two, and both argon 
green and krypton red in two. 

Retinal revascularization occurred 
after the initial laser treatment in 17 
patients and after treatment for 
recurrent choroidal neovasculariza- 
tion in three. The new vessels 
appeared an average of four weeks 
after laser therapy, with a range of 
two to eight weeks. Revascularization 
may have been present earlier in some 
cases, since the first posttreatment 
visit was usually scheduled three to 
four weeks after therapy. 

The retinal revascularization grew 
into the center of the treatment site in 
19 patients and teward the fovea in 
one patient (patient 6). All vessels 
showed at least mild dye leakage on 
angiography and were always located 
within the inner retina. Stereoscopic 
angiography was necessary to distin- 
guish these vessels from deeper ves- 
sels representing recurrent choroidal 
neovascularization. All of the new ret- 
inal vessels were supplied by the reti- 
nal circulation, with no evidence of 
choroidal-retinal anastomosis. 

Posttreatment data were tabulated 
concerning the statusof the laser scar 
and surrounding retina (Table 2). The 
first follow-up angiogram showed all 
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patients exhibiting marked retinal 
capillary loss overlying the treatment 
site. The choroidal and pigment epi- 
thelial scarring was extensive, with 
all membranes contracting into a 
fibrotic-appearing subretinal mass. 
Contraction of the scar caused ILM 
striae in 75% of the patients. Foveal 
dragging occurred after therapy in 
two patients (patients 7 and 18), and 
one patient (patient 15) suffered a 
rupture in Bruch’s membrane during 
the first laser session. She later devel- 
oped a recurrent choroidal neovascu- 
lar membrane that was successfully 
re-treated. 

Eighteen of the patients were sim- 
ply followed up after they presented 
with retinal revascularization (Table 
1). Of this group, the final visual 
acuities remained the same in eight 
patients and improved in four 
patients. The acuities decreased one 
or two lines within one month after 
treatment in four patients but 
remained unchanged thereafter. Pa- 
tient 9 (case 3) remained in stable 
condition for approximately one year 
after the posttreatment retinal revas- 
cularization disappeared, but then she 
developed progressive geographic at- 
rophy of the retinal pigment epitheli- 
um, with an acuity loss of four lines. 
Patient 17 had a subfoveal recurrence 
six months after laser treatment and 
four months after the retinal revascu- 
larization regressed. His acuity 
decreased six lines. 

Follow-up intervals varied from 
five to 36 months (Table 1). Retinal 
revascularization regressed in an 
average of 24% months (range, one to 
seven months) in 15 patients initially 
followed up at two- to four-week 
intervals. In four other patients, the 
retinal revascularization disappeared 
five to 14 months after the previous 
examination. In patient 6, the retinal 
revascularization was still present at 
the time of the last examination and 
appeared stable. 

Two patients had the retinal vessels 
mistakenly diagnosed as recurrent 
choroidal neovascularization. Patient 


1. Macular Photocoagulation Study Group: 
Argon laser photocoagulation for senile macular 
degeneration: Results of a randomized clinical 
trial. Arch Ophthalmol 1982;100:912-918. 

2. Macular Photocoagulation Study Group: 
Argon laser photocoagulation for ocular histo- 
plasmosis: Results of a randomized clinical trial. 
Arch Ophthalmol 1983;101:1347-1357. 

3. Macular Photocoagulation Study Group: 
Argon laser photocoagulation for idiopathic 
neovascularization: Results of a randomized clin- 
ical trial. Arch Ophthalmol 1983;101:1358-1361. 

4. Macular Photocoagulation Study Group: 
Argon laser photocoagulation for neovascular 
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2 underwent repeated argon laser 
therapy six times; three of these 
treatments were for persistent retinal 
revascularization. Following the last 
treatment, the retinal revasculariza- 
tion had regressed. The patient’s acu- 
ity dropped from 20/200 to 20/500 
during the last three laser treatments. 
Patient 19 also was treated for new 
retinal vessels one month following 
her initial therapy. She continues to 
have metamorphopsia and diplopia 
from foveal distortion (case 2). 


COMMENT 


Several investigators have noted 
retinal vasculitis overlying treatment 
scars after laser therapy for choroidal 
neovascular membranes.*'' In these 
cases, damaged retinal vessels exhib- 
ited dye leakage on angiography with- 
out evidence of proliferation. Soren- 
son et alè have noted choroidal-retinal 
anastomoses after laser treatment, 
which may indicate recurrence of cho- 
roidal neovascularization. 

Retinal revascularization is fed 
entirely from the retinal circulation. 
It appears to occur after laser therapy 
for choroidal neovascular membranes 
relatively frequently (7% in this 
report). The revascularization tends 
to occur soon (within weeks) after 
laser therapy and most often 
regresses eight to ten weeks later. The 
rate of disappearance is variable and 
the retinal vessels may persist for 
months or indefinitely. 

Heavy initial laser photocoagula- 
tion treatment appears to be a predis- 
posing factor for the development of 
retinal revascularization. Most of 
these patients had signs of heavy 
treatment, including retinal capillary 
obliteration, dense laser scarring, and 
ILM wrinkling. It is unknown whether 
traction on the inner retina from this 
scarring also plays a role in the devel- 
opment of retinal revascularization. 

Because of concern that these eyes 
were developing recurrent choroidal 
neovascularization, most of these 
patients had multiple follow-up fluo- 
rescein angiograms after treatment. 
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This enabled us to document the 
development and maturation of the 
retinal revascularization. The first 
angiograms after treatment usually 


showed a moderate to severe amount, 


of retinal vascular obliteration within 
the center of the treatment scar and 
retinal vasculitis or dye leakage 
involving the remaining vessels. Over 
the next several weeks, new vessels 
appeared to emanate from retinal ves- 
sels at the edge of the treatment zone 
and grow into the center of the treat- 
ment site. Initially these vessels 
appeared to proliferate into a glomer- 
ularlike structure in the center of the 
treatment site. At that time there 
were more retinal vessels within the 
treatment zone compared with the 
number usually seen in these macular 
regions. These new vessels would ini- 
tially leak dye on angiography, often 
copiously. Weeks later the dye leakage 
would diminish and usually disappear 
as the blood retinal barrier appeared 
to be restored. The retinal revascular- 
ization would then regress. 

It is important to recognize retinal 
revascularization after laser photoco- 
agulation therapy for neovascular 
membranes so as not to confuse it 
with recurrent choroidal neovascular- 
ization. The new retinal vessels are 
located within the superficial retina, 
and stereoscopic fluorescein angio- 
grams are required to document this. 
The vessels are completely fed by the 
retinal circulation, with no evidence 
of choroidal-retinal anastomosis. The 
two patients who were mistakenly re- 
treated for retinal revascularization 
appeared to have no better visual out- 
come and more scarring than those 
who were not re-treated. Retinal 
revascularization has an excellent 
prognosis without re-treatment and 
does not appear to be related to the 
recurrence of choroidal neovasculari- 
zation. 
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The Evolution of Argon Laser Photocoagulation Scars 
in Patients With the Ocular Histoplasmosis Syndrome 


Sanjay S. Shah: Andrew P. Schachat, MD; Robert P. Murphy, MD; Stuart L. Fine, MD 


è In 34 patients (35 eyes) with suc- 
cessfully treated histoplasmic choroidal 
neovascular membranes with a mean fol- 
low-up of 10.1 years, neither the neovas- 
cular membrane size nor the distance to 
the center of the foveal avascular zone 
(FAZ) affected final visual acuity. For a 
subgroup of 18 patients who had a two- 
year follow-up visit, the average chorio- 
retinal scar expanded in area 50.1% per 
year for the first two years and 4.6% per 
year thereafter. This corresponded to a 
migration rate toward the FAZ of 152 
um/y for the first two years and 22 um/y 
thereafter. After ten years, the average 
scar was 3.23 times larger than the initial 
treatment area and 480 um closer to the 
FAZ than the initial treatment edge. Of the 
eight patients whose scars expanded to 
involve the center of the FAZ, six had final 
visual acuities either equal to or better 
than the initial visual acuities. 

(Arch OQpkthalmol 1988;106:1533- 
1536) 


he ocular histoplasmosis syndrome 

causes a permanent decrease in 
central vision in approximately 2000 
young and middle-aged adults in the 
United States each year.'> The syn- 


See also p 1524. 


drome was originally described by 
Krause and Hopkins in 1951, and it 
was proved effective for retarding 
visual loss.° The Macular Photocoagu- 
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lation Study (MPS), a multicenter, 
randomized, controlled clinical trial 
sponsored by the National Eye Insti- 
tute, Bethesda, Md, demonstrated 
that for patients with an active cho- 
roidal neovascular membrane (NVM) 
outside the foveal avascular zone 
(FAZ), photocoagulation with an 
argon blue-green laser provided a sub- 
stantial benefit. At 36 months’ fol- 
low-up, 50% of untreated eyes vs 22% 
of treated eyes had lost six or more 
lines of visual acuity from the base- 
line. 

Although laser treatment of extra- 
foveal new vessel membranes in 
patients with the ocular histoplasmo- 
sis syndrome is of value, little is 
known about the stability of the laser 
scar after successful obliteration of 
the NVM. We have reviewed the 
records and reexamined 34 patients 
with successfully treated NVMs to 
answer the follewing questions: (1) 
Does the size of the treatment scar 
change predictably over time, and (2) 
do the ophthalmoscopic changes, par- 
ticularly the relationship between the 
area of apparent retinal pigment epi- 
thelial (RPE) atrophy and the center 
of the FAZ, correlate with the current 
visual acuity? 


Table 1.—Number of Eyes at Each Visit 
by Level of Visual Acuity 


Follow-up 












Initial 2- 5- 10- 
Visual Acuity Visit Year Year Year 


=20/20 13 



















20/25-20/ 100 16 
=20/200 6 3 3 1 
Total No. of 






Eyes 35 





PATIENTS AND METHODS 


The records of 587 patients with the 
ocular histoplasmosis syndrome seen at 
the Retinal Vascular Center, Baltimore, 
between 1970 and 1978 were reviewed by 
Olk and coworkers” Criteria for argon 
laser photocoagulation and the treatment 
technique have been previously reported.** 
One hundred nine eyes of 107 patients were 
treated with photoeoagulation. Seventy- 
three patients were excluded from consid- 
eration in this study for the following 
reasons: 16 patients had less than two 
years of follow-up; 2& patients were ineligi- 
ble for treatment according to the MPS 
protocol because their pretreatment visual 
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Fig 1.—Relation of center of fovea, extent of 
light “runoff” treatment, heavy treatment, 
extent of late pigmentdropout, and membrane 
(NVM). 
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acuity was worse than 20/200; they had 
subfoveal neovascularization, associated 
pigment epithelial detachment, or both; or 
they had not been treated according to the 
MPS protocol. An additional 29 patients 
were excluded because choroidal neovascu- 
larization recurred during follow-up. 

The remaining 34 patients were asked to 
return to the Retinal Vascular Center dur- 
ing 1987 and were examined by two of us 
(S.S.S. and A.P.S.). Color photographs and 
fluorescein angiograms were obtained. For 
those patients who were unable to return, 
the patient’s local ophthalmologist was 
contacted to obtain the latest available 
color photographs, angiograms, and best 
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Pretreatment Visual Acuity 
Fig 2.—Pretreatment vs final visual acuity. 


Dots below diagonal line represent patients 
with visual improvement. 
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corrected visual acuity. Follow-up informa- 
tion was available from all 34 patients. 

A microfilm reader (Dokumator DL-2) 
was used to make a baseline tracing or map 
of the retinal vasculature and the FAZ 
from the pretreatment angiogram. The 
tracing of the pretreatment angiogram 
was used to determine the size and dis- 
tance of the NVM from the center of the 
FAZ. Duplicates of this map were then 
used to trace the location of each subse- 
quent scar. The scars were mapped from 
color photographs at the boundary of the 
RPE mottling or dropout. Posttreatment 
color photographs were used to trace the 
area of intense (heavy) treatment with a 
white appearance of the RPE and the 
surrounding zone of runoff (light treat- 
ment) with a visible photocoagulation 
effect but not intense whitening (Fig 1). 
For each tracing, a Summagraphics 1103 
Bit Pad attached to a Leading Edge com- 
puter was used to determine the areas and 
closest distance to the FAZ. The tracings 
and digitizing were performed by one of us 
(S.S.S.). The tracings were verified by 
another one of us (A.P.S.). Neither knew 
the corresponding visual acuities of the 
patients. 


RESULTS 
Demographics and Duration of Follow-up 


Our final study group consisted of 
35 eyes (17 right eyes, 18 left eyes) 
from 34 patients. Twenty-two patients 
were men and 12 were women (age 
range, 32 to 83 years; mean, 53 years). 
The duration of follow-up ranged 
from two to 15 years, with a mean of 
10.1 years. Since three eyes had simul- 
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taneous treatment of two distinct cho- 
roidal NVMs located in different 
regions of the retina, there were a 
total of 38 scars. Immediate posttreat- 
ment photographs were unavailable 
for three of these scars. Twenty (59% ) 
of the patients had ten or more years 
of follow-up (Table 1). 


Visual Outcome 


Twenty-five eyes (71%) retained 
final visual acuities within one line of 
the original visual acuity, while eight 
(23% ) improved two lines, and only 
two (6%) lost two or more lines (Fig 
2). At the time of the final examina- 
tion, 15 eyes had a visual acuity of 
20/20 or better, 16 had a visual acuity 
of 20/25 to 20/50, and only four eyes 
had visual acuities of 20/100 or worse. 
Each of these four eyes had acuities of 
20/100 or worse prior to treatment. 

There was no statistically signifi- 
cant effect of the initial size or dis- 
tance of the NVM to the center of the 
FAZ on final visual outcome (Tables 2 
and 3). 

There were eight eyes of eight 
patients (study eyes 2, 13, 15, 20, 25, 
32, 36, 42) whose scars expanded to 
involve the center of the FAZ. Two 
representative cases are shown in 


Table 3.—Effect of Neovascular 
Membrane Distance to Foveal Avascular 
Zone Center on Final Visual Acuity* 


200- 451- 651- 
450 650 900 


Visual 
Acuity 
=> 20/20 
20/25-20/ 100 
=20/200 
Total No. of 
Eyes 


>900 


* Straight line drawn from nearest margin of neo- 
vascular membrane to foveal center. Distance in 
microns. Logrank, P = .34. 





Fig 3.—Left, April 1976—early-phase angiogram showing extent of posttreatment atrophy three months following argon 
laser photocoagulation. Visual acuity, 20/25. Right, March 1987—area of posttreatment atrophy is greater and has 
extended through center of macula. Visual acuity, 20/30. 
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Figs 3 and 4. Of these eight patients, 
four improved in visual acuity two or 


Table 4.—Rates of Scar Expansion as a Function of Posttreatment Interval * 


three lines when comparing initial Scar Area Sur Distance 

and final study visual acuities, two Scar Area Expansion Rate Scar Distance Progression Rate 
" lost two lines, and two remained Study Expansion Rate for for Subsequent Progression Rate for for Subsequent 

unchanged Eye First 2 y, %/y Years, %/y First 2 y, um/y Years, um/y 


Scar Areas 


The final sear areas were highly 
variable but increased from 6.9% to 
40.9% per year (mean, 16.8%; median, 
14%) beyond the initial heavy treat- 
ment area when adjusted for varia- 
tion in duration of follow-up. For the 
19 scars for which a two-year follow- 
up visit was available (Table 4), the 
scar size expanded 50.1% per year for 
the first twe years and 4.6% per year 
for each subsequent year. The average 
scar in our study was greater than 
three times (2.23) the original heavy 
treatment area after ten years and 
was still expanding in size an average 
4.6% per year. 


Scar Migration 


The distances from the boundary of *Total of 19 scars studied. 
the initial treatment to the boundary 
of the final scar are given in Table 5. 
These distanees ranged from 120 to 
1000 um (mean, 430 wm; median, 390 





Table 5.—Migration of Final Scar From Initial Treatment Parameters 


um). When adjusted for variation in No. of Scars No. of Scars No. of Scars 
duration af follow-up, the scars Increase in Extent (Distance Measured (Distance Measured (Distance Measured 
migrated at a mean rate of 152 um/y of Posttreatment From Edge of From Edge of From Edge of 


Atrophy, um Neovascular Membrane) Light Treatment) Heavy Treatment) 
0-099 

100-199 

200-299 

300-449 

450-649 

650-899 

900-1199 

=> 1200 

Total No. of Scars 


over the first two years and 22 um/y 
thereafter. These distances were mea- 
sured from the margin of heavy treat- 
ment that was closest to the fovea. 
The heavy treatment margin was 
seleeted because it could be traced 
more repreducibly than the corre- 
sponding light treatment margin on 
the posttreatment photographs. Dur- 
ing a ten-year follow-up period, the 
average scar was roughly 500 um clos- * See the “Demographics and Duration of Follow-up” section. 
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Fig 4.—Left, November 1974—early-phase angiogram showing extent of posttreatment atrophy three months following 


argon laser photocoagulation. Visual acuity, 20/20. Right, June 1984—area of posttreatment atrophy is greater and has 
extended through center of macula. Visual acuity, 20/20. 
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er to the center of the FAZ than the 
initial heavy treatment edge (Fig 1). 


COMMENT 


Relatively little has been written 
concerning the change in size of a 
laser treatment scar over time. Rice 
and coworkers’ observed that for 15 
eyes after a mean follow-up period of 
33 months, the final chorioretinal scar 
was, on average, 54 um closer to the 
center of the fovea than the light 
portion of the laser burn. 

We reviewed the medical records, 
photographs, and angiograms from 34 
patients who had been treated for 
histoplasmic neovascular maculopa- 
thy with the argon blue-green laser. 
These patients were selected so that 
none had a recurrence. After a mean 
follow-up of ten years, only two 
patients (6%) had lost two lines of 
vision, suggesting that, barring a 
recurrence, the effect of treatment on 
visual acuity can be beneficial for the 
long term. Ten years after treatment, 
the average chorioretinal scar ex- 
panded to 3.23 times the size of the 
original area of heavy treatment and 
was approximately 500 um closer to 
the center of the FAZ. Adjustments 
were made for duration of follow-up. 
For a subgroup of 18 eyes for which a 
two-year follow-up visit was avail- 
able, the scar extended most in the 
first two years following treatment 
and more slowly thereafter. In the 
first two years the scars expanded 
50.1% per year in size and migrated 
152 um/y toward the FAZ. The corre- 
sponding values for subsequent years 
were 4.6% and 22 uwm/y, respectively. 

The degree of fundus pigmentation 
could be a variable that influences the 
formation and evolution of posttreat- 
ment scars. The majority of our 
patients had moderate fundus pig- 
mentation, and the degree of fundus 
pigmentation did not seem to be a 
predictive variable. It is difficult, 
however, reproducibly to grade fun- 
dus pigmentation, as there can be 
great variability depending on photo- 
graphic alignment, pupillary dilata- 
tion, film-developing protocols, and 
the like. Therefore, we cannot rule out 
the relevance of fundus pigmenta- 
tion. 

Possible reasons for the observed 
late atrophy include the delayed 
effects on the RPE of subretinal fluid 
or hemorrhage. More likely, this atro- 
phy results from late effects on the 
RPE of the heavy or light (runoff) 
laser treatment itself. We found no 
correlation between the extent of late 
atrophy and the presence of subreti- 
nal hemorrhage or subretinal fluid 
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prior to treatment. Histopathologic 
study has not been performed, and the 
so-called late atrophy may represent 
true atrophy of RPE cells, depigmen- 
tation of RPE, or the spread of RPE 
following division and migration. 

If there is an actual loss of RPE 
function, a corresponding scotoma 
might be anticipated. Since the retinal 
scars, defined as the apparent edge of 
RPE proliferation or dropout, ex- 
panded with time, patients could be 
forewarned that their treatment sco- 
tomas may expand. We did not study 
this, and this hypothesis remains to 
be confirmed in a prospective clinical 
study. In our study, visual fields 
before and after treatment were not 
available for enough patients to per- 
mit a meaningful and precise analysis 
of scotoma size. 

The majority of patients who lose 
vision following laser photocoagula- 
tion of extrafoveal choroidal neovas- 
cularization do so because of the 
recurrence or persistence of neovascu- 
larization.'° We have been concerned 
that late, progressive RPE hypopig- 
mentation may represent true atro- 
phy and that as it spreads into the 
FAZ there could be late visual loss. In 
this study, eight patients developed 
definite RPE hypopigmentation ex- 
tending into the center of the FAZ. 
Representative fundus photographs 
are illustrated in Figs 3 and 4. We 
were reassured to find that only two 
of these patients had lost two lines of 
vision and that the condition of the 
remaining patients had either im- 
proved or was unchanged during fol- 
low-up. It appears that the develop- 
ment of late RPE hypopigmentation, 
even when involving portions of the 
FAZ, is not likely to be a cause of 
significant visual morbidity in pa- 
tients with histoplasmosis treated 
successfully for extrafoveal NVMs. 
This may be explained in part by the 
fact that patients with ocular histo- 
plasmosis with NVMs average 45 
years of age,° so that reasonably good 
acuity can be maintained using slight- 
ly eccentric fixation. To our knowl- 
edge, however, such a hypothesis has 
not been tested. Alternatively, the 
explanation is that the hypopigmen- 
tation does not represent complete 
RPE atrophy and that some RPE 
function remains. Late hypopigmen- 
tation could cause more visual loss in 
patients with juxtafoveal NVMs, but 
the risk of visual loss without treat- 
ment is correspondingly higher. 

We report measurements of areas 
and distances determined from trac- 
ings of photographs and angiograms. 
Although our patients were photo- 


graphed with the same camera sys- 
tems using similar techniques, this is 
a retrospective study, and refractive 
errors were not determined in a stan- 
dardized fashion and axial lengths 
were not determined. To measure pre- 
cise distances and areas in the fundus, 
both refractive error and axial length 
must be considered.: Rather than 
emphasize precise areas and dis- 
tances, we prefer to point out that 
over a ten-year period, scar areas 
approximately tripled in size and that 
the rate of scar expansion was much 
greater in the early follow-up years 
compared with later ones. Despite the 
spread of apparent atrophy through 
the center of the FAZ, six of eight 
patients maintained or improved 
their central acuity. 


None of the authors has a proprietary interest 
in the Dokumator microfilm reader, Summa- 
graphics Bit Pad, or Leading Edge computers. 

Software for area calculations was provided by 
Paul Montague, University of Iowa, Iowa City. 
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èe We obtained follow-up data on 84 
eyes with age-related macular degenera- 
tion and poorly defined angiographic 
leakage presumed to represent choroidal 
neovascularization. A poorly . defined 
neovascular membrane was presumed to 
be present when subsensory retinal fluid 
was present in association with choroidal 
leakage on fluorescein angiography and 
in which the extent of leakage was not 
well defined. Among the 84 eyes, the 
average initial visual acuity was 20/80. In 
75 (89%) of 84 eyes, the leakage involved 
the foveal center at initial presentation. At 
follow-up (average, 28 months; range, six 
to 53 months), the average visual acuity 
was 20/250; the final acuity declined at 
least three but less than six lines in 18 
eyes (21%) and six or more lines in 35 
eyes (42%). There was a statistically sig- 
nificant differemce in the percentage of 
eyes that developed moderate or severe 
visual loss among eyes that progressed to 
disciform scaring compared with eyes 
that continued to manifest poorly defined 
leakage without evidence of scarring. Giv- 
en that most severe visual loss associated 
with macular degeneration can be attrib- 
uted to consequences of neovascular 
membranes and that many membranes 
associated with age-related macular 
degeneration are poorly defined, our 
study results support the possibility that 
poorly defined neovascular membranes 
represent a major cause of severe visual 
loss among the elderly in the United 
States. 

(Arch Ophthalmol! 
1542) 
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JÉ; age-related macular degeneration 

(AMD), most severe visual loss can 
be attributed to consequences of a 
neovascular membrane (NVM).! Sev- 
eral recent studies? have shown that 
laser photocoagulation can reduce the 
risk of severe visual loss in patients 
with AMD when there is a well- 
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defined NVM 200 um or greater from 
the foveal center. However, most 
NVMs associated with AMD do not 
meet these criteria either because the 
NVM is well defined but located with- 
in 200 um of the foveal center or 
because the NVM is not well 
defined.‘ 

Preliminary studies suggest that 
many NVMs associated with AMD 
demonstrate poorly defined leakage at 
presentation.’ Poorly defined NVMs 
have not been ineluded in previous 
trials of laser treatment because the 
treatment protocols have required 
confluent treatment of the entire 
extent of the NVM.’ Cases of poorly 
defined NVMs are, by definition, 
those in which the exact extent of the 
NVM cannot be determined. These 
patients have been excluded from pre- 
vious treatment trials because of the 
inability to determine whether the 
entire NVM has been treated conflu- 
ently when its exact extent is 
unknown. At present, we do not know 
of an effective treatment to reduce the 
risk of visual loss associated with 
poorly defined NVMs. 

The purpose of this investigation 
was to determine the natural course 
of poorly defined angiographic leak- 
age presumed to represent poorly 
defined NVMs in patients with AMD. 
To our knowledge, no previous study 
has assessed the evolution of these 
macular lesions or the magnitude of 
visual loss associated with this entity. 
These natural history data are needed 
not only to inform affected patients of 
their prognosis but also to plan an 
acceptable and realistic treatment 
approach. 


PATIENTS AND METHODS 


We reviewed the diagnostic index of 
patients over 50 years of age examined at 
the Retinal Vascular Center of The Wilmer 
Ophthalmological Institute, Baltimore, 
between July 1982 and June 1986 to identi- 
fy all eyes with poorly defined angiograph- 
ic leakage associated with AMD. An eligi- 
ble eye was defined as having (1) the 
presence of subsensory retinal fluid in the 
macula as seen with contact lens biomi- 
croscopy or stereo color fundus photo- 
graphs (Fig 1, top left) and (2) fluorescein 
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documentation of multiple areas of hyper- 
fluorescence, often punctate, that do not 
correspond to drusen or atrophic retinal 
pigment epithelium (RPE) on color photo- 
graphs or biomicroscopy, that increased in 
intensity in the middle and late phases of 
the angiogram, and in which leakage was 
noted in the middle and late phases (Fig 1, 
center left and bottom left). Usually, it is 
impossible to determine which areas of 
hyperfluorescence in the early frames (Fig 
1, center left) account for the leakage in 
the late frames (Fig 1, bottom left), so the 
exact extent of the leakage cannot be 
defined. Eyes were included even if a well- 
defined NVM was present, as long as the 
eye also had poorly defined leakage (Fig 
2). 

Figure 2 exemplifies another aspeet of 
poorly defined leakage in AMD, first 
described by Gass,* that can be identified 
most readily with goed stereoscopic fluo- 
rescein angiography. In this situation, an 
area of irregularly elevated RPE can be 
identified (Fig 2, straight arrows). During 
the early and late phases of angiography, 
the area of irregularly elevated RPE will 
stain but may not leak as obviously as 
areas of well-defined choroidal neovascu- 
larization. Clinicopathologic studies have 
shown that these areas of irregularly ele- 
vated RPE probably represent choroidal 
new vessels and associated fibroblastic 
proliferation.’ The exact extent of the ele- 
vation and staining of these irregularly 
elevated areas of RPE is usually poorly 
defined. 


Exclusion Criteria 


Patients were excluded from the study 
(1) if they had evidence of fibrosis or 
disciform scarring on stereo color fundus 
photographs at the initial visit; (2) if sub- 
sensory retinal bloed obscured enough 
angiographic features so that it was 
impossible to determine whether the leak- 
age was well defined or poorly defined; (3) 
if the eye had received laser photocoagula- 
tion treatment before evaluation; (4) if any 
other retinal disease was present that 
could account for the leakage or visual loss; 
or (5) if any other ocular condition was 
present that could result in visual loss over 
a five-year period. 


Variables Evaluated 


Baseline data obtained on all eligible 
eyes included the patient’s age, sex, best 
corrected initial visual acuity (including 
pinhole) of the study eye and fellow eye, 
and a history concerning smoking, hyper- 
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Fig 1.—Natural course of poorly defined leakage associated with age-related macular degeneration that continued to 
manifest poorly defined leakage without disciform scarring after two years of follow-up. Top left, 20/100 visual acuity with 
subretinal blood and subretinal lipid on color fundus photograph associated with multiple areas of hyperfluorescence during 
midphase of angiogram (center left) and poorly defined leakage during late phase (bottom left). Top right, Two years after 
initial presentation, 20/80 visual acuity with areas of atrophy but no disciform scarring on color fundus photograph still 
associated with multiple areas of hyperfluorescence during midphase of angiogram (center right) and poorly defined leakage 
during late phase (bottom right). 
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Fig 2.—Left, Welil-defined neovascular membrane associated with poorly defined leakage. Right, 
Stereoscepic angiogram (when viewed with two +5.00-diopter lenses) demonstrating areas of 
irregular, poorly cefined elevation of retinal pigment epithelium (bracketed by straight arrows) that 
shows poorly detined staining and leakage. This area of poorly defined leakage is adjacent to 
well-cefined neovascular membrane (curved arrow). 












Tæle 1.—Initial Visual Acuity in Eyes Presumed to Have Poorly Defined 
Choroidal Neovascularization * 


Morphologic Findings 
at Follow-up 
—— ea 

Poorly Defined 
Leakage 


Initial 
Visual Acaity 
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No. of Eyes Disciform Scar 






, 20/400-20° 640 


* initial visua! acuities are listed for all eyes, which are then stratified by the morphologic findings at the most 
recent follow-up as disciform scar or persistent poorly defined leakage. The morphologic findings at follow-up 
included geographic atrophy in one additional eye and could not be determined in four additional eyes. Average 
visual acuities were as follows: 20/80 for all eyes, 20/100 for eyes that developed disciform scarring, and 
20/63 for eyes with persistent, poorly defined leakage. 


tension, previous ocular- surgery, and dura- 
tion of ocular symptoms. The presence or 
absence of hemorrhage or pigment epithe- 
lial detachment also was recorded. The 
characteristics of the fellow eye were 
recorded. P-values were determined using 
Fisher’s exact test. 


Follow-up 


All patients whose eyes met the eligibil- 
ity criteria were contacted and asked to 
return to The Wilmer Institute for follow- 
up examination. When a patient was 
unable to return, the referring ophthal- 
mologist was contacted to obtain the 
patient’s most recent clinical and photo- 
graphie data. 


RESULTS 
Patient Identification 


One hundred thirteen eyes from 91 
patients met the eligibility criteria. 
The 18 eyes (16% ) treated with photo- 
coagulatien were excluded from all 
analyses so that the natural course of 
a poorly defmed NVM could be deter- 
mined. Of the remaining 95 eligible 
eyes, the 11 eyes (11%) with less than 
six months follow-up also were 
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excluded from further analysis. The 
final study group consisted of 84 eligi- 
ble eyes of 74 patients with a mini- 
mum follow-up period of six months. 


Baseline Characteristics 


In the 84 eligible eyes, the average 
initial visual acuity was 20/80. The 
range of initial visual acuities is 
shown in Table 1. 

In seven eyes (8%), all areas of 
leakage and/or areas highly suspi- 
cious for leakage were unequivocably 
200 wm or further from the foveal 
center. In only two eyes did the extent 
of the lesion appear to extend from 1 
to 199 um from the foveal center. 
However, because the extent of these 
lesions is ill defined, it seemed unreli- 
able to differentiate lesions that 
extended 1 to 199 um from the foveal 
center from lesions that extended 
through the foveal center. Therefore, 
these two eyes were grouped with 73 
eyes in which the poorly defined leak- 
age definitely involved the foveal cen- 
ter. Thus, the extent of the poorly 
defined leakage appeared to involve 
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the foveal center in 75 eyes (89%). In 
two eyes (3%), the lecation of the 
leakage with respect to the foveal 
center could not be determined. 

Only six eyes (7%) had both a well- 
defined NVM and poorly defined leak- 
age (Fig 2), whereas the remaining 78 
eyes (93% ) had no areas that would be 
considered classic or well-defined cho- 
roidal neovascularization. A serious 
(classic) detachment of the RPE asso- 
ciated with poorly defined leakage 
was noted in four eyes (5%). The 
presence of any hemorrhage was not- 
ed in 52 eyes (62% ). Hemorrhage that 
obscured part of the exudative lesion 
was noted in 37 eyes (44% ); in 11 eyes 
(13% ), the hemorrhage obscured more 
than 50% of the exudative lesion. Ten 
eyes (12%) were aphakic or pseudo- 
phakic. 

Of the 74 patients that formed the 
study group, 18 (24%) were men and 
56 (76%) were women. The average 
age was 75 years, witha range of 54 to 
90 years. A history ef hypertension 
and/or use of antihypertensive medi- 
cations was noted in 26 patients 
(35% ). Cigarette smoking of ten or 
more cigarettes a day was noted in 17 
patients (23% ). 

The characteristics of the fellow eye 
at the initial visit consisted of drusen 
without exudation in 31 patients 
(42%), disciform scars in 32 patients 
(43%), poorly defined leakage in ten 
patients (14%), and a well-defined 
NVM in one eye (1%). The average 
initial visual acuity in the fellow eye 
was 20/125. 

The baseline characteristics of the 
11 eyes deemed ineligible for the study 
group because of insufficient duration 
of follow-up (less than six months) 
and the 18 eyes that were treated with 
photocoagulation did not differ signif- 
icantly from the study group with 
respect to any baseline characteristic 
that was recorded. 


Follow-up Examination 


Follow-up information was ob- 
tained at The Wilmer Retinal Vascu- 
lar Center in 55 eyes (65% ) and by the 
referring ophthalmologist in 29 eyes 
(35%). Color fundus photographs 
from the referring ophthalmologist, 
used to determine the morphologic 
characteristics of the lesion at follow- 
up, were available in 25 of 29 eyes. All 
study eyes had a minimum of six 
months of follow-up information. The 
follow-up period averaged 28 months 
(range, six to 53 months). 


Visual Acuity at Follow-up 


In only 12 (14%) of 84 eyes did the 
final visual acuity improve or remain 


1539 





Fig 3.—Natural course of poorly defined leakage associated with age-related macular degeneration in an eye that developed 
disciform scarring. Top left, Fundus photograph demonstrating subretinal blood (small arrow) and subretinal lipid (large 
arrow) associated with 20/50 visual acuity. Top right, Midphase fluorescein angiogram demonstrating multiple areas of 
hyperfluorescence with poorly defined leakage. Bottom left, One year after initial presentation, extensive subretinal blood, 
fluid, and lipid are associated with decline in visual acuity to 20/640. Bottom right, Two years after initial presentation, 


extensive disciform scarring is associated with decline in visual acuity to 20/800. 


Table 2.—Development of Moderate Visual Acuity Loss in Eyes Presumed to Have 
, Poorly Defined Choroidal Neovascularization 


Loss of =3 and <6 Lines 
of Vision, No. (%) of Eyes 
Length of 
Follow-up, mo Scar* 
11/51 (22) 
10/46 (22) 
7/32 (22) 


5/21 (24) 


All Eyes 
18 (21) 
13 (19) 
10 (22) 

7 (23) 


NVMt 
5/28 (18) 
1/17 (6) 
1/10 (10) 
1/7 (14) 


























* Scar refers to the group of eyes that had developed disciform scarring at the most recent follow-up. 
tNeovascular membrane (NVM) refers to the group of eyes that continued to demonstrate poorly defined 
leakage without evidence of scarring at the most recent follow-up 


Table 3.—Development of Severe Visual Acuity Loss in Eyes Presumed to Have 
Poorly Defined Choroidal Neovascularization 


Loss of >6 Lines of Vision, 
No. (%) of Eyes 
Length of 
Follow-up, mo 


Scar* 
27/51 (53) 
25/46 (54) 
19/32 (59) 
13/21 (62) 


All Eyes 
35 (42) 
32 (47) 
22 (48) 
16 (53) 








6/28 (21) 
5/17 (29) 
2/10 (20) 
2/7 (28) 

















* Scar refers to the group of eyes that had developed disciform scarring at the most recent follow-up. 
tNeovascular membrane (NVM) refers to the group of eyes that continued to demonstrate poorly defined 
leakage without evidence of scarring at the most recent follow-up. 
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the same. Similarly, of the 46 eyes 
followed up for at least two years, the 
final visual acuity improved or 
remained the same in eight (17%) of 
46 eyes. 

The number of eyes that had mod- 
erate (three or more but six or less 
lines) or severe (six or more lines) 
visual loss at follow-up is shown in 
Tables 2 and 3, respectively. Of 84 
eyes, 18 (21%) lost at least three but 
less than six lines of vision and 35 
(42%) lost six or more lines of 
vision. 


Morphologic Features of Study Eye at 
Follow-up 


At the most recent examination, 51 
eyes (61%) had progressed to disci- 
form scars (Fig 3), 28 eyes (33%) 
continued to have poorly defined leak- 
age without evidence of scarring (Fig 
1), and one eye (1%) developed geo- 
graphic atrophy without evidence of 
leakage or scarring. We were unable 
to classify the fundus appearance at 
follow-up in four eyes (5% ) because no 
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Table 4.—Associatien of Risk Factor With the Development of Moderate or Severe 
Visual Loss or the Development of Disciform Scarring in Eyes Presumed to Have 
Poorly Defined Choroidal Neovascularization 


No. (%) of Eyes 


oa I. II 05 III aaas“ 


Lost =>3 and 


<6 Lines of Vision 


Lost >6 Lines 
of Vision 


Developed 
Disciform Scar* 


Age <75 y 8/43 (19) 19/43 (44) 30/42 (71) 
Age >75 y 13/41 (32) 11/41 (27) 21/38 (55) 
M 11/20 (55) 3/20 (15)+ 12/18 (67) 


Ft 10/64 (16) 
Symptoms <3 mo 6/40 (15) 
Symptoms =3 mo 13/39 (33) 
No hypertension 15/55 (27) 
Hypertension 6/29 (21) 
No smoking§ 17/64 (27) 
Smoking 4/19 (21) 
No subretinalibloed 8/32 (25) 
Subretinal bicod 12/52 (23) 
Fellow-eye drusen 8/31 (26) 
Fellow-eye exudatel| 13/53 (25) 


27/64 (42)+ 
17/40 (42) 
12/39 (31) 
17/55 (31) 
13/29 (45) 
22/64 (34) 
7/19 (37) 
11/32 (34) 
20/52 (38) 
11/31 (35) 
19/53 (36) 


39/62 (63) 
27/39 (69) 
22/36 (61) 
32/53 (60) 
19/27 (70) 
40/61 (66) 
10/18 (56) 
19/31 (61) 
32/49 (65) 
24/30 (80) 
27/50 (54) 





* Morphologie findings in ane eye included geographic atrophy without evidence of scarring or leakage. 
Morphologic findings in four eyes were not documented at follow-up and are not included in this column. 

tThirty-eight wemen were over 75 years of age compared with 36 women under 75 years of age. In contrast, 
13 men (almost twice as many) were over 75 years of age compared with seven men under 75 years of 


age. 
+P < .03. 


§Smoking wesedefined as smoking ten or more cigarettes a day. 
||Fellow-eye exudate was defined as the presence of a disciform scar or active leakage in the fellow eye. 


color fundus photographs were ob- 
tained from the referring ophthalmol- 
ogist. The average follow-up period 
was shorter (P < .05) in eyes that 
continued to have poorly defined leak- 
age (21 months) compared with eyes 
that developed disciferm scars at fol- 
low-up (30 months). 


Relationship» of Follow-up Visual Acuity 
to Follow-up Morphology 


To detect a possible relationship 
between visual and morphologic out- 
come, we compared the final acuity in 
patients whe progressed to disciform 
scars with patients who continued to 
have poorly defined leakage at follow- 
up (Tables 2 and 3). Of the 28 eyes that 
continued to manifest poorly defined 
leakage at the most recent follow-up, 
only five (18% ) lost at least three but 
less than six lines of vision, and six 
(21% ) lost six or more lines of vision. 
In contrast, of the 51 eyes that devel- 
oped disciferm scarring by their most 
recent follow-up, 11 (22% ) lost at least 
three but less than six lines of vision 
and 27 (53%) lost six or more lines of 
vision. Thus, there was a statistically 
significant difference in the percent- 
age of eyes that developed moderate 
(P < 003) or severe (P< .006) visual 
loss among eyes that progressed to 
disciform scarring compared with 
eyes that continued te manifest poorly 
defined leakage without evidence of 
scarring. 
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Because the average follow-up peri- 
od was shorter in eyes that continued 
to have poorly defined leakage com- 
pared with eyes that developed disci- 
form scars at follow-up, the relation- 
ship of follow-up visual acuity to fol- 
low-up morphologic findings was also 
examined for eyes that had at least 
two years of follow-up (Tables 2 and 
3). Of the 32 eyes that developed disci- 
form scarring and were followed up 
for at least two years, 19 (59%) lost 
six or more lines ef vision. In contrast, 
of the ten eyes that continued to man- 
ifest poorly defined leakage without 
evidence of disciform scarring at the 
most recent follow-up and that were 
followed up for at least two years, 
only two (20% ) lest six or more lines 
of vision. The difference remained 
statistically significant (P < .03). 


Effect of Other Variables on Risk of 
Visual Loss or Development of Disciform 
Scarring 


Several variables were examined to 
determine if there were any associa- 
tions with the development of three or 
six lines of visual loss (Table 4). A 
significantly greater percentage of 
women developed six or more lines of 
visual loss (P < .03), even though the 
rate of disciform scarring did not dif- 
fer between women and men. The 
presence or extent of subsensory reti- 
nal blood was not associated with an 
increased risk of developing severe 
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visual loss or disciform scarring. 
There were no other angiographic fea- 
tures at baseline that distinguished 
eyes that developed disciform scar- 
ring from eyes that did not develop 
scarring. 

Because in most cases the lesion 
initially extended threugh the foveal 
center, the relationship of the initial 
location to the development of disci- 
form scarring or visual loss was not 
evaluated. Because-there were only six 
cases in which classic, distinct areas 
of neovascularization were noted in 
conjunction with poorly defined leak- 
age (Fig 2) and enly four cases in 
which a classic pigment epithelial 
detachment was asseciated with a 
poorly defined NVM, the relationship 
of these findings to the development 
of disciform scarring or visual loss 
could not be determined. In addition, 
because the exact extent of these 
lesions was difficult to define, no eval- 
uation was made of the relationship 
between the size of the lesion and the 
visual prognosis. 


Fellow-Eye involvement 


At the baseline examination, ten 
(14%) of 74 patients had bilateral 
poorly defined leakage without evi- 
dence of disciform scarring in either 
eye and one (1%) had a well-defined 
NVM in the fellow eye. An additional 
32 patients (43% ) had a disciform scar 
in the fellow eye. Ameng the remain- 
ing 31 patients in whom the fellow 
eyes had drusen without exudative 
disease on the initial visit, six patients 
(19%) developed fellow-eye involve- 
ment with exudatien during follow-up 
(average, 28 months). 


COMMENT 


In approximately half of all 
patients with NVMs associated with 
AMD, the exact extent of fluorescein 
leakage is poorly defined. However, 
the natural course of poorly defined 
leakage associated with AMD has not 
been investigated, and the treatment 
for these lesions has not been deter- 
mined. We wanted te determine the 
natural course of these lesions and the 
magnitude of associated visual loss. If, 
in fact, there is a substantial risk of 
severe visual loss, then some thera- 
peutic intervention to reduce this loss 
could be considered within the frame- 
work of a clinical trial. 


Defining Poorly Defined Leakage 
Associated With AMD 


To evaluate these lesions, we first 
needed to develop a working defini- 
tion of poorly defined leakage in AMD 
(Fig 1). Patients were suspected to 
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have poorly defined leakage when 
there was clinical evidence of subsen- 
sory retinal fluid and the exact extent 
of fluorescein leakage could not be 
identified on angiography. In 52 of the 
84 eyes in the study group, the pres- 
ence of subsensory retinal blood sug- 
gested that choroidal neovasculariza- 
tion existed. In these 52 eyes, the label 
“poorly defined NVM” seemed appro- 
priate for areas of poorly defined 
leakage associated with subsensory 
retinal blood. In 32 of the 84 eyes, no 
evidence of subretinal blood was noted 
at baseline; labeling these eyes as 
poorly defined NVM may be presump- 
tive. Nevertheless, 19 of these 32 eyes 
developed disciform scarring. The 
baseline angiographic appearance of 
the 19 eyes without subretinal blood 
that developed disciform scarring 
could not be differentiated from the 
12 eyes without subretinal blood that 
did not develop scarring. 

Among the 32 eyes without subreti- 
nal blood, there were other signs to 
support the presumptive label of poor- 
ly defined NVM. Two had areas of 
distinct choroidal neovascularization 
contiguous to poorly defined leakage, 
one had a fellow eye with an area of 
distinct choroidal neovascularization 
contiguous to poorly defined leakage, 
13 had fellow eyes with disciform 
scarring, and six had fellow eyes with 
poorly defined NVM associated with 
subretinal blood. 

We did not believe that our study 
eyes had a variant of central serous 
chorioretinopathy because they were 
all from patients over 50 years of age 
and none had “gutters” of hyperfluor- 
escence or other areas of mottled RPE 
as has been described in the severe 
variant of central serous chorioretino- 
pathy.’'° Other conditions in which 
multiple areas of hyperfluorescence 
with leakage might be seen in the 
absence of subretinal blood were not 
considered in our study eyes for a 
variety of reasons, including (1) 
Harada’s disease or posterior scleritis 
(eyes in our study had no evidence of 
inflammation); (2) uveal effusion 
(eyes in our study had no evidence of 
shifting fluid); or (3) choroidal 
tumors, such as melanomas, cavern- 
ous hemangiomas, metastases, or 
osteomas (eyes in our study had no 
evidence of significant choroidal ele- 
vation). 

Our study eyes might be similar to 
some of the eyes in a report by Gregor 
et al,'' who showed that 29 fellow eyes 
of 104 patients with unilateral disci- 
form AMD developed disciform scar- 
ring at follow-up. Twenty of those 29 
eyes demonstrated “accumulation of 
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dye” before the development of scar- 

ring.” 

Characteristics of Poorly Defined NVMs 
at Initial Visit 


The initial visual acuities were bet- 
ter than 20/200 in 72 (86% ) of 84 eyes. 
In fact, 21 eyes had an initial visual 
acuity in the 20/20 to 20/40 range, 
even though 17 of these 21 eyes had 
poorly defined leakage that extended 
through the foveal center. Seven of 
these 21 eyes with excellent initial 
visual acuity were asymptomatic fel- 
low eyes of a symptomatic eye with 
exudative changes associated with 
AMD. This finding would lead us to 
conclude that the presence of poorly 
defined leakage may escape detection 
when a patient is asymptomatic and 
has a visual acuity better than 20/40 
unless careful contact lens biomicros- 
copy and/or fluorescein angiography 
has been performed to detect subtle 
areas of subsensory retinal fluid, ele- 
vation of the RPE, or fluorescein leak- 
age. We suggest that careful biomi- 
croscopic and fluorescein angiograph- 
ic evaluation be performed on fellow 
eyes of patients with exudative AMD 
to rule out asymptomatic poorly 
defined leakage, even when the visual 
acuity is good in the fellow eye. 

The prevalence of active bilateral 
poorly defined leakage (14%) may be 
related to the possibility that some 
poorly defined membranes do not 
develop into disciform scars for sever- 
al years. Consequently, the relatively 
longer phase of active neovasculariza- 
tion in poorly defined NVMs increases 
the likelihood that development in the 
fellow eye may occur during the peri- 
od in which the first eye still mani- 
fests an active membrane. 


Follow-up of Poorly Defined Leakage 


The follow-up visual acuities indi- 
cated that the natural course of these 
eyes was poor, but not uniformly so. 
Almost half of the eyes lost six or 
more lines of vision at their most 
recent follow-up visit and significant 
improvement was almost never seen. 
We noted that the rate of severe 
visual loss was much higher in eyes 
that developed disciform scarring 
compared with eyes that continued to 
manifest poorly defined leakage at the 
most recent follow-up visit. The devel- 
opment of a disciform scar may be a 
function of time in eyes manifesting 
poorly defined NVMs. However, 
among all eyes followed up for two or 
more years, there was still a signifi- 
cant difference in the percentage of 
eyes that developed severe visual loss 
after disciform scarring occurred 
compared with eyes that showed no 


evidence of disciform scarring at the 
most recent follow-up. 

It is possible that the 28 eyes that 
did not develop disciform scarring did 
not actually have NVMs at baseline. 
Nevertheless, 16 of these 28 eyes ini- 
tially presented with subretinal blood 
and poorly defined angiographic leak- 
age, findings usually presumed to rep- 
resent NVMs.” In the other 12 eyes 
that did not develop disciform scar- 
ring, we could not identify any angio- 
graphic features at baseline that dis- 
tinguished these eyes from eyes that 
did develop scarring. Thus, we pre- 
sume that most eyes with poorly 
defined leakage associated with AMD, 
in the presence or absence of subreti- 
nal blood, have a high likelihood of 
harboring NVMs that will develop dis- 
ciform scarring. Given that most 
severe visual loss associated with 
AMD can be attributed to conse- 
quences of NVMs' and that many 
NVMs associated with AMD are poor- 
ly defined,° our study results support 
the possibility that poorly defined 
NVMs represent a major cause of 
severe visual loss among the elderly in 
the United States. 
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Assessment of Visual Function in Patients With 
Age-Related Macular Degeneration and Low Visual Acuity 


Marguerite F. Alexander, RN; Maureen G. Maguire, PhD; Thomas M. Lietman; Judith R. Snyder; 


Michael J. Elman, MD; Stuart L. Fine, MD 


@ The visual function of 100 eyes with 
low visual acuity of 100 patients with 
age-related macular degeneration was 
examined using measurements of visual 
acuity, peak contrast sensitivity, and the 
ability to read, to tell time, and to distin- 
guish colors, products, and facial expres- 
sions. Visual acuity and peak contrast 
sensitivity were correlated (r = .62); how- 
ever, a range of peak contrast sensitivi- 
ties was observed at each level of acuity. 
When considered individually, visual acu- 
ity and peak contrast sensitivity were 
related to the ability to perform each of 
the tasks. When multivariate methods 
were applied. both visual acuity and peak 
contrast sensitivity contributed indepen- 
dently to the ability to read and tell time. 
Among patients with the same contrast 
sensitivity, visual acuity had little or no 
relationship to the ability to identify col- 
ors, products, and faces. 

(Arch Ophthalmol! 
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ise miates macular degeneration 

(AMD) ts ane of the most common 
causes of severe visual acuity loss in 
the United States. Affected patients 
frequently complain of difficulty in 
performing relatively simple tasks for 
normal daily living. The complaints 
often seem related to their measured 
visual acuity; however, even patients 
who have the same visual acuity seem 
to have different functional abilities. 
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To our knowledge, there have been 
few studies of the visual functional 
abilities of patients with AMD and 
low visual acuity. The majority of 
published studies have described only 
small numbers of patients. 

Our study provides a description of 
the ability of a group of patients with 
AMD and low visual acuity to perform 
a few simple visual tasks. For affected 
eyes, peak contrast sensitivity, as well 
as the degree of visual acuity loss, 
were measured so that their relation- 
ship to each other, as well as their 
relationship to the ability to perform 
certain visual tasks, could be exam- 
ined. 


SUBJECTS AND METHODS 


One hundred subjects with AMD were 
selected from the patients who were seen 
at the Retinal Vascular Center of The 
Wilmer Institute, Baltimore, between July 
1985 and January 1986. Patients had to 
have AMD, a best corrected visual acuity 
between 20/100 and 20/1280 in at least one 
eye, and no evidence of other significant 
retinal pathologic conditions, such as ocu- 
lar histoplasmosis or angioid streaks. The 
patient group was not selected to be repre- 
sentative of the visual acuity found in the 
entire population of patients with AMD 
and low visual acuity, but was selected so 
that there would be an approximately 
equal number of patients in each of three 
groups based on visual acuity (20/100 to 
20/250, 20/320 to 20/500, and 20/640 to 
20/1280). On each day, one of us (M.F.A., 
T.M.L., or J.R.S.) reviewed the medical 
records of the patients who were scheduled 
to be seen in the Retinal Vascular Center 
that day and asked patients who met the 
above-mentioned eligibility criteria to par- 
ticipate in the testing program. 

Each selected patient who agreed to 
participate had both eyes refracted accord- 
ing to the procedures specified by the 


Macular Photocoagulation Study protocol.® 
Visual acuity was measured using Bailey- 
Lovie style charts.’ Patients were encour- 
aged to fixate eccentrically, with the fellow 
eye occluded peripherally and centrally. 
Patients who had two eyes with AMD and 
a visual acuity of 20/100 er worse had one 
eye selected as the study eye by the exam- 
iner. In addition to visual acuity, peak 
contrast sensitivity and the ability to per- 
form five sets of tasks associated with 
daily living were measured. 

Peak contrast sensitivity was measured 
using projected slides that were developed 
by Pelli et al.’ By presenting letters that 
were considerably larger than the patient’s 
acuity limit, the peak contrast sensitivity 
could be reliably measured without deter- 
mining the entire contrast sensitivity 
curve.’ The 25 slides ramged in contrast 
from 98% to 0.6%, corresponding to a —log 
contrast sensitivity of 0.01 to 2.20, in 
approximate 0.1 log contrast steps. All 
lights were turned off in the windowless 
rooms, and black matte paper covered 
adjacent wall areas to reduce light scatter. 
Four equally sized dark Sloan optotypes, 
against a uniformly light background, 
were projected in such a manner as to 
present the patient with 20/1350 letters. 
Starting with the highest contrast slide 
and continuing with progressively lower 
contrast slides, the patient was asked to 
read the four letters. The peak contrast 
sensitivity was recorded using the contrast 
level of the last slide for which at least 
three letters were correctly identified. 

Eleven patients or spouses of patients 
aged 50 years or more-whe had one or both 
eyes with a visual acuity of 20/20 or great- 
er and a normal-appearing fundus were 
also selected and tested with the slides 
that were developed by Pelli and col- 
leagues* in the same way. The 18 eyes of 
these patients served as a reference for 
evaluating the patients with low visual 
acuity. 

The five tests of the ability to perform 
functional tasks were performed in two 
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Table 1.—Patient Characteristics by Visual Acuity Group 


Visual Acuity Group, No. (%) of Patients 
—. SS TE ES hk owOcO0O0O0OV0WOSSs ee oom 
20/320-20/500 


clinical examination rooms under bright- 
lighting conditions. Normal ambient 
lighting was supplemented by additional 
fluorescent lights to provide illumination 
levels of 2055 lux in one room and 3163 lux 
in the other room. The five tasks were (1) 
reading large print, (2) telling time, (3) 
identifying colors, (4) identifying house- 
hold products, and (5) recognizing facial 
expressions. 

For the reading test, a 3.00-diopter lens 
was placed in the trial frame, and a large- 
print Reader’s Digest was given to the 
patient and held at a distance of 33 cm. The 
same page was used for each patient. If the 
patient read every word of the five-word 
title, with or without ease, the patient was 
scored as being able to read. Capital letters 
of the title were 14.5 mm high, and lower- 
case letters were 9 mm in height. Letter 
width was 2 mm for both. 

A 15.9-em boldfaced wall clock was held 
at eye level of the seated patient at a 
distance of 1.5 m. The same angle of the 
clock hands was used for the two times 
(10:10 and 1:25). The minute hand was 4 
mm X 7.6 cm in length, and the hour hand 
was 6 mm X 5.3 cm in length. Both the 
numbers and the hands were black, and the 
face of the clock was white. The numbers 
on the clock face were 3 cm in height. 
Patients were asked to tell the time on the 
clock as presented. If the patient could tell 
the time correctly within three minutes at 
least once, the patient was scored as being 
able to tell time. 

The patient’s ability to identify colors 
was tested using four handkerchiefs that 
were folded to a size of 26.7 X 12.7 cm. The 
colors were red, royal blue, tan, and medi- 
um gray. All four handkerchiefs were 
placed on a tray that was covered with 
white construction paper and held at a 
distance of 61 cm from the patient. Each 
patient was told that the tester was hold- 
ing a tray of four colored handkerchiefs 
and was instructed to identify each color. 
The patients identified the color of each 
handkerchief while they were pointing to 
each handkerchief in turn. The following 
answers were scored as correct in this test: 
(1) red; (2) gray or silver; (3) tan, light 
brown, dark cream colored, or light gold; 
and (4) blue or royal blue. 

Four common household products 
were placed on the same white tray as used 
in color identification as follows: (1) a 
purple-and-white box of cereal (Post Rai- 
sin-Bran, 280-g [10-0z] size); (2) a 680 g 
(24-0z) bottle of catsup (Heinz ketchup); (3) 
a 620-g (22-0z) bottle of dish detergent 
(lemon Joy); and (4) a quart-sized carton of 
milk, which was a local brand (purple- 
and-white carton). The products were cho- 
sen for their easily recognizable contain- 
ers, shapes, and colors. When placed on the 
tray, the products were all approximately 
the same height. 

The patient was told that there were 
four common household products that 
could be found either in the kitchen or the 
grocery store. The answer was scored as 
correct if the patient could provide, at a 
minimum, enough information to identify 
the contents of each container, for exam- 
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Characteristic 20/ 100-20/250 





10 (28) 
12 (33) 
14 (39) 





20 (56) 
16 (44) 


35 (97) 

Other 1 (3) 
Study eye 

R 20 (56) 

a 16 (44) 
AMD type* 

Exudative 33 (92) 

Atrophic 3 (8) 

No photograph O (0) 
Laser treatment 

Yes 16 (44) 

No 20 (56) 
Lesion activity 

Active 13 (36) 

Scar 19 (53) 

Atrophic or cannot grade 4 (11) 
Lesion location 

Subfoveal 27 (75) 

1-200 um 3 (8) 

>200 um 5 (14) 

Cannot grade 1 (3) 
Fellow eye visual acuity 

>20/200 27 (75) 

=20/200 9 (25) 
Size of lesion, um 

333-3000 20 (56) 

300 1-6000 13 (36) 

>6000 2 (6) 


Cannot grade 1 (3) 





* AMD indicates age-related macular degeneration. 


ple, cereal, catsup, dish detergent, and 
milk. They did not need to identify specific 
brand names, sizes, or colors. Again, no 
touching was allowed. 

Facial expression recognition involved 
the use of 20.3 X 25.4-cm, matte-finished, 
black-and-white photographs that were 
held at a distance of 45.7 cm. This distance 
was selected because the size of the face in 
the photograph is similar to the size of a 
person’s face who might be sitting next to 
the patient. The patient was told that for 
10 to 15 s the tester would be holding up 
photographs of different facial expressions 
that were to be identified. Several answers 
for each expression were judged to be 
correct as follows: (1) anger, frown, or sad; 
(2) smile, surprise, or happy; (3) yawn or 
sleepy; and (4) funny or silly face. 

The demographic variables of age, race, 
and sex were recorded for each patient. 
One of the authors (M.J.E.) evaluated fun- 
dus photographs from the patient’s chart 
and recorded the type of AMD (exudative 
or atrophie), treatment status (laser treat- 
ment or not), lesion status (active or sear), 
location of the lesion (subfoveal, 1 to 200 
um from the center of the foveal avascular 

















20/640-20/ 1280 Total 





29 (29) 
37 (37) 
34 (34) 


7 (24) 
14 (48) 
8 (28) 


12 (34) 
11 (31) 
12 (34) 


















46 (46) 
54 (54) 


10 (34) 
19 (66) 


16 (46) 
19 (54) 






























35 (100) 28 (97) 98 (98) 
o (0) 1 (3) 2 (2) 
19 (54) 14 (48) 53 (53) 
16 (46) 15 (52) 47 (47) 
31 (89) 28 (97) 92 (92) 
2 (6) 1 (3) 6 (6) 
2 (6) 0 (0) 2 (2) 
10 (29) 5 (17) 31 (31) 
25 (71) 24 (83) 69 (69) 
15 (43) 19 (66) 47 (47) 
16 (46) 9 (31) 44 (44) 
4 (11) 1 (3) 9 (9) 
31 (89) 28 (97) 86 (86) 
o (0) o (0) 3 (3) 
2 (6) o (0) 7 (7) 
2 (6) 1 (3) 4 (4) 
22 (63) 26 (90) 75 (75) 
13 (37) 3 (10) 25 (25) 
9 (26) 1 (4) 30 (30) 
19 (54) 13 (44) 45 (45) 
5 (14) 14 (48) 21 (21) 






2 (6) 1 (3) 4 (4) 








zone [FAZ], or >200 um from the FAZ 
center), and size of the lesion (largest 
linear dimension). 

All patient information was coded onto 
standard data collection forms and entered 
into a computer file. Data fields were 
checked for validity and consistency. 
Patient characteristics and the results of 
the tests were examined through frequen- 
cy distributions, cross-tabulations, and 
scattergrams. Associations within contin- 
gency tables were tested with x’ statistics; 
Armitage’s test for trend was used when 
one of the categories was ordered, and 
extensions of the Mantel-Haenszel proce- 
dure were used for some stratified analy- 
ses.” Linear and logistic regression meth- 
ods were used to assess the joint effect of 
several variables on test results. Possibly 
confounding variables were included in the 
regression model if the associated P value 
was .10 or less. Residuals were examined to 
assess the fit of the model to the data for 
the linear models. 


RESULTS 


One hundred patients were included 
in the study group. Patients were dis- 
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Visual Acuity 





Scattergram of log contrast sensitivity and visual acuity represented on logarithmic scale; 


r= .62. 


tributed fairly evenly across the three 
preselected visual acuity groups: 36 in 
the 20/100 to 20/250 group, 35 in the 
20/320 to 20/500 group, and 29 in the 
20/640 to 20/1280 group. Table 1 dis- 
plays the characteristics of the study 
group by visual acuity group and in 
total. The study group was almost 
entirely white (98%) and approxi- 
mately half male (46%). Ninety per- 
cent of the patients had exudative 
AMD, which was defined as choroidal 
neovascularization (active and/or 
scarred) or pigment epithelial detach- 
ment, and 31% of the eyes had been 
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treated with laser photocoagulation. 
Lesions exhibited signs of activity, 
such as fluorescein leakage or overly- 
ing neurosensory elevation, in 45% of 
the cases. Most eyes (84% ) had lesions 
under the anatomical center of the 
FAZ. The eyes with the poorest acuity 
had a higher proportion without laser 
treatment, with active lesions, with 
larger lesion size, and with poor fellow 
eye visual acuity. The fellow eye of 
25% of the patients had 20/200 or 
worse aculty. 

All 18 eyes with a visual acuity of 
20/20 and normal-appearing fundi 


from the 11 patients aged 50 years or 
over had log peak centrast sensitivity 
levels between —1.71 and —1.21. The 
median value for this group was 
—1.45. 

Peak contrast sensitivity was below 
the minimum level observed in the 
normal group for 80% of the 91 
patients on whom centrast sensitivity 
testing was performed. The Figure is 
a scattergram of —log contrast sensi- 
tivity and visual aeuity of the study 
eyes. Patients with poerer visual acu- 
ity, in general, alse had poorer con- 
trast sensitivity (r= .62, P < .001). 
However, the correlation between 
contrast sensitivity and visual acuity 
was not perfect; there was a wide 
range of contrast sensitivity at every 
level of visual acuity. 

The ability of the patients to per- 
form the five ‘functional tasks, 
grouped by their visual acuity group, 
is given in Table 2. Within the entire 
study group with a visual acuity of 
20/100 or worse, only 29% could read 
Reader’s Digest tities. Within visual 
acuity subgroups, the ability to read 
declined sharply im patients with a 
visual acuity of less than 20/250. 
Approximately half (48%) of the 
entire group could tell time at 1.5 m. 
This ability also declined with 
decreasing visual aeuity. Only 70% of 
the entire group was able to identify 
correctly all four calors. Tan and gray 
were the colors that were most fre- 
quently missed within all three visual 
acuity groups. Incorrect answers for 
gray were green, light blue, purple, 
and brown. Tan was incorrectly iden- 
tified as green, yellew, gray, and pink. 
The degree of acuity loss was related 
to the ability to identify all four col- 
ors. Thirty-two percent of the entire 
group was unable te identify correctly 
the four household preducts. The per- 
centage that incorrectly identified at 
least one product increased from 6% 
to 66% from the best to the worst 
visual acuity group. All of the patients 
in the 20/100 to 20/250 visual acuity 
group correctly identified at least two 
of the products, while seven patients 
(24% ) of the 20/64 to 20/1280 visual 
acuity group could not identify at 
least two of the produets. Only 26% of 
the entire group correctly identified 
the facial expression on all four pho- 
tographs. This percentage value 
ranged from 42% in the best visual 
acuity group to 10% in the worst 
visual acuity group One patient (3% ) 
of the best visual acuity group gave no 
correct answers, while ten patients 
(34% ) of the worst visual acuity group 
gave no correct answers. 

The entire group also was subdi- 
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Visual Acuity Group, No. (%) of Patients 
LS 
Task 20/ 100-20/250 20/320-20/500 20/640-20/ 1280 a Total 


Read Reader’s 
Digest titles 


Yes 24 (67) 4 (11) 


12 (33) 


28 (78) 


All colors _ 
correct 
Yes 30 (83) 


All products 
correct 


Yes 24 (69) 
2 (6) = 11 (31) 


All faces 
correct 


Yes 15 (42) 8 (23) 
27 (77) 












Task 1.10-1.40 
Read Reader's 

Digest titles 
Yes 
No 
Tell time 
Yes 





















15 (60) 
10 (40) 





20 (90) 
5 (20) 













21 (84) 
No 4 (16) 


All products 
correct 
Yes 24 (96) 


No 1 (4) 


All faces correct 
Yes 







11 (44) 
14 (56) 









*—Log contrast sensitivity. 


vided into three nearly equally sized 
groups on the basis of contrast sensi- 
tivity. Since most of the patients had 
a log contrast sensitivity between 
—0.92 and —1.40, the worst visual acu- 
ity group covered a relatively broad 
range of contrast sensitivity. The 
trends in the ability to perform the 
functional tasks that were observed 
with visual acuity were similar to 
those tasks that were observed with 
contrast sensitivity (Table 3). For 
each task, the percentage of patients 
who were able to perform the task 
decreased with reduced contrast sen- 
sitivity. 

To evaluate whether the trends 
observed were associated indepen- 
dently with visual acuity only, con- 
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8 (22) 19 (54) 


26 (74) 
ss (26) 30 (30) 


_ Table 3.—Functional Task Scores by Peak Contrast Sensitivity Group 
Contrast Sensitivity Group, No. (%) of Patients * 


0.92-1.03 


7 (22) 3 (9) 
20 (62) 


29 (91) 
3 (9) 


27 (84) 
5 (16) 


10 (3 1) 3 (9) 
22 (69) 





29 (29) 


28 (97) _ 71 (71) 


48 (48) 


25 (86) 52 (52) 


14 (48) 70 (70) 


68 (68) 
32 (32) 


26 (26) 


26 (90) 74 (74) 









0.01-0.90 







25 (27) 
66 (73) 





31 (91) 






44 (48) 
47 (52) 


4 (12) 
__30 (88) 












~ 62 (68) 
29 (32) 


"42 (35) 
22 (65) 




















10 (29) 61 (67) 


30 (33) 










24 (26) 
67 (74) 








31 (91) 





trast sensitivity only, or both, multi- 
variate statistical methods were 
applied to the data. The percentages 
based on the visual acuity group in 
Table 2 were stratified by the contrast 
sensitivity group, and the percentages 
based on contrast sensitivity were 
stratified by the visual acuity group. 
While the results of these stratified 
analyses are not shown, they were in 
agreement with the regression analy- 
ses that follow. 

The two tasks with dichotomous 
outcomes were examined with logistic 
regression methods. The study eye 
visual acuity and log contrast sensi- 
tivity, as well as the possibly con- 
founding factors of patient age, worse 
fellow eye acuity, and the size, activi- 


ty, type, and treatment of the lesion, 
were included as the first set of con- 
founding variables. The factors that 
were associated with better reading — 
results were study eye visual acuity* 
(P < .001), peak contrast sensitivity 
(P = .008), and worse visual acuity in 
the fellow eye than in the study eye 
(P = .10). The factors that were asso- 
ciated with being able to tell time 
were the better visual acuity in the 
study eye (P = .016) and peak contrast 
sensitivity (P = .003). The value of the 
regression coefficient for study eye 
visual acuity was much larger for 
reading than for telling time, indicat- 
ing that visual acuity in the patients 
with acuity less than or equal to 20/ 
100 had a greater effect on reading 
than on telling time. 

The associations among visual acu- 
ity, contrast sensitivity, and the other 
three tasks were examined and found 
to be similar. To use all the informa- 
tion collected on each task, a score 
was computed equal to the sum of the 
number of colors, products, and faces 
correct. The minimum possible score 
was 0, and the maximum possible 
score was 12. All of the possible con- 
founding variables mentioned above 
were entered into a multiple linear 
regression model. The study eye visual 
acuity had a very weak correlation 
with the number of colors, products, 
and faces correct (P = .53) once the 
effects of contrast sensitivity 
(P < .001), patient age (P = .001), and 
previous laser treatment (P = .05) 
were accounted for. Overall, treated 
patients had scores one point lower 
than untreated patients with the 
same contrast sensitivity and age. 
Each 15 years of increased age was 
associated with a decrease of one 
point, and each 0.25 change in —log 
contrast sensitivity was also associ- 
ated with a decrease of one point on 
the 12-point scale. 


COMMENT 


We have described the range of 
peak contrast sensitivity and the abil- 
ity to perform five functional tasks 
among 100 patients with AMD and a 
visual acuity of 20/100 or worse. Even 
within this limited range of visual 
acuity, worse peak contrast sensitivi- 
ty was correlated with worse visual 
acuity (Figure). However, the correla- 
tion was not perfect; there was a 
range of contrast sensitivity at each 
level of visual acuity. 

The data in Tables 2 and 3 show 
clearly that these patients had diffi- 
culty in performing even the simplest 
of tasks and that these difficulties 
increased with increasingly worse 
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visual acuity or increasingly worse 
contrast sensitivity. However, since 
visual acuity is correlated with con- 
trast sensitivity, it could be that the 


“relationship that was observed be- 


` 


tween contrast sensitivity and telling 
time, for example, might be solely 
through contrastsensitivity’s correla- 
tion with visual acuity. The statistical 
methods of stratified comparisons 
and regression analyses provided 
tools te examine these multivariate 
relationships. 

As expected, visual acuity was 
shown to be very strongly associated 
with the ability to read titles from a 
large-print edition of Reader’s Digest. 
In addition, ewen among patients with 
the same visual acuity, in those 
patients with better contrast sensitiv- 
ity, there was a mgher percentage of 
patients who were able to read the 
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titles. In patients whose fellow eye 
had a worse visual acuity than the 
study eye, there was a higher percent- 
age of patients who were able to read, 
perhaps because the patients had 
more experience in using the study 
eye for reading than patients whose 
fellow eye had better acuity. The abil- 
ity to tell time at a distance of 1.5 m 
also was shown to depend on both vis- 
ual acuity and contrast sensitivity. 
Among patients with the same con- 
trast sensitivity, visual acuity had lit- 
tle or no effect on the ability to iden- 
tify colors, products, and faces. Of 
interest is the observation that even 
with adjustment for contrast sensitiv- 
ity, treated eyes had somewhat lower 
scores on performing these tasks. 
Since the study is cross-sectional 
rather than prospective and random- 
ized in design, the interpretation of 
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this observation is unclear. 

Clearly, patients with AMD and a 
visual acuity worse than 20/100, 20/ 
200, or any cutoff level cannot be 
considered one homogeneous group. 
Patients differ in their ability to per- 
form different simple tasks, de- 
pending on the task, visual acuity, 
contrast sensitivity, age, history, and 
second eye involvement. When evalu- 
ating individual patients with AMD 
or particular treatments, such as laser 
photocoagulation, contrast sensitivity 
and other measures of visual function, 
as well as degree of visual acuity loss, 
should be considered to characterize 
more fully the visual capabilities of 
the eye. 
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Retinal Blood Velocity in Patients With 


Leukocyte Disorders 


Pear ee OS 


Timothy Rimmer, FRCS; Eva M. Kohner, MD, FRCP; John M. Goldman, DM, FRCP 


@ The blue light entoptic phenomenon 
was used to measure retinal blood veloci- 
ty in eight patients with chronic granulo- 
cytic leukemia, six patients with leukope- 
nia, and matched control subjects. The 
retinal leukocyte velocity of the leukemic 
patients was 0.53 + 0.26 (mean + SD) 
mm/s, whereas that of the matched con- 
trol subjects was 0.46 + 0.14 mm/s. 
There was no significant difference 
between these two groups (power: 96% 
for a difference of 0.2 mm/s and 66% for 
0.1 mm/s). There was also no significant 
difference between the leukocyte veloci- 
ties of the leukopenic patients and con- 
trol subjects (0.47 + 0.19 mm/s and 
0.55 + 0.14 mm/s, respectively; 89% 
power for a difference of 0.2 mm/s, 59% 
for 0.1). There was a correlation between 
the leukocyte count and the number of 
leukocytes seen in the entoptoscope. The 
results suggest that retinal vascular 
autoregulation can compensate for 
changes in leukocyte numbers that might 
have been expected to alter retinal blood 
flow. 

(Arch 
1552) 


Ophthalmol 1988;106:1548- 


[gukemia is frequently cited as a 

cause of retinal vein occlusion,! 
microaneurysm formation,” retinal 
capillary closure, and even prolifera- 
tive retinopathy.** The pathogenesis 
of these lesions is thought to be re- 
lated to two main factors, hypervis- 
cosity, due to increased numbers of 
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leukocytes (WBCs), and leukostasis,° 
whereby small blood vessels are 
blocked by packed WBCs. However, 
anemia, frequently associated with 
leukemia and conditions causing leu- 
kopenia, would be expected to reduce 
viscosity and stimulate an increase in 
retinal blood flow, via the phenome- 
non of autoregulation, if normal reti- 
nal oxygenation is to be maintained. 

To our knowledge, retinal blood 
flow has not been previously assessed 
in leukemia or leukopenia. This study, 
therefore, was designed to demon- 
strate any possible changes in leuko- 
cyte velocity in the perifoveal capil- 
laries of a group of leukocytotic 













WBC, * 
X109/L 


Hemoglobin, 
g/L 






Leukocytotic Patients 
1/52/F 280 73 
2/50/M 32.2 138 
3/25/M 28 138 
4/60/M 33.4 152 
5/66/M 47 126 
6/71/F 40.8 124 
7/60/M 560 85 
8/26/F 158 78 
Mean + SD 
§1.3+ 17.2 153+ 183 114+31 
Leukopenic Patients 
9/24/M 0.9 91 
10/30/M 1.0 94 
11/50/F 1.4 103 
12/24/F 1.8 110 
13/31/M 1.7 95 
14/37/F 1.8 115 









Mean + SD 


32.6+ 9.7 1.4 +40.4 101410 











*WBC indicates leukocyte count; VA, visual acuity. 
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Table 1.—Details of Patients and Control Subjects 


VA* 


6/6 1C/57/F Tèt 136 
6/6 2C/49/M 6.4 153 
6/5 3C/28/M 7.0 140 
6/12 4C/63/M 6.6 150 
6/6 5C/66/M 6.2 143 
6/12 6C/61/F 47 135 
6/9 7C/58/M Tt 131 
6/5 8C/26/F 66 104 
51.0+ 15.6 6.6=0.9 136 + 16 


6/9 9C/20/M Ed 152 
6/6 10C/31/M 6.4 151 
6/6 11C/55/F 6.8 129 
6/5 12C/24/F 5.9 143 
6/6 13C/31/M 5.0 135 
6/5 14C/40/F Fe 131 









patients, leukopenic patients, and 
matched control subjects. 


PATIENTS AND METHODS 


Nine patients with chronie myeloid leu- 
kemia were selected from the Haematolo- 
gy Clinic at the Hammersmith Hospital, 
London, whose WBC counts were at least 
20 X 10°/L and whose corrected visual acu- 
ity was at least 6/12 and who were consid- 
ered fit enough to perform the blue light 
entoptic test. Lens opacities were responsi- 
ble for reduced visual acuity in patients 4 
and 6, and cotton-wool spots in patient 9. 
No cause was identified for the slight drop 
in visual acuity of patient 7. The visual 
acuity of all the control subjects was at 
least 6/6. 













WBC, * Hemoglobin, 
X109/L g/L 


Contro! Subjects 


No./ Age, 
y/Sex 




















Control Subjects 















33.5+ 12.5 6.6+ 1.0 140+ 11 
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The WBCs of the leukocytotic patients 
ranged from 28 to 560 X10°/L (mean, 
147 X 10°/L). One patient with a high WBC 
count (750 x 10°/L) was.unable to see any 
WBCs en entaptoscopy and was therefore 
excluded from the study, Eight matched 
contrel subjects, of similar sex and age, 
were selected from staff and relatives of 
patients (Table 1). The age of the control 
subjects may be important for reasons spe- 
cified below. Six patients with leukopenia 
(WBCs <2 x 10°/L) were also recruited, 
together with six age- and sex-matched 
contre] subjects. The WBCs of the leuko- 
penic patients ranged from 0.9 to 1.8 X 10°/ 
L (mean, 1.4 x 10°/L). Four patients (pa- 
tients 11 through 14) had undergone 
radiotherapy for chronic myeloid leuke- 
mia, one (patient 9) had visceral leishman- 
iasis, amd the sixth had suffered spontane- 
ous pancytopenia (patient 10). None of the 
patients had any ocular symptoms, and the 
fundi were all normal except in the case of 
the patient with leishmaniasis, where sev- 
eral cotton-wool spots were present in each 
eye. Blue light entoptoscopy was repeated 
on seven normal subjects, five leukocytotic 
patients, and three leukopenic patients to 
assess any change in the WBC count. 

The biue light entoptic technique for the 
measurement of perifoveal leukocyte 
velocity has been described previously,° so 
only a brief description will be given here- 
in. After informed consent the patient 
matches the number and speed of a pattern 
of simutated WBCs, generated by a com- 
puter on a television (TV) monitor, with 
the number and speed of his WBCs seen 
entoptically in the perifoveal capillaries 
when he looks into a blue light at a wave- 
length of 430 nm. On completion, pressing 
a “read-out” key reveals the number and 
speed of the simulated WBCs that had 
been presented on the TV monitor. The 
retinal speed is calculated from the TV 
screen speec and the subject repeats the 
test until three consecutive readings are 
obtainec, whose maximum deviation from 
the mean is less than 20%. The number of 
simulated WBCs that could be generated 
on the screen was zero to 250, in steps of 
10. 

Readings for the follow-up studies were 
repeatec on the normal subjects within one 
week and between twe weeks and four 
months tater in the case of the leukocytotic 
and leukopenic patients. White blood cell 
counts and hemoglobin levels were mea- 
sured using a counter (model S-Plus IV, 
Coulter Electronics Inc, Hialeah, Fla). 

Student’s ¢ tests and Wilcoxon’s rank- 
sum tes’ were used to assess the signifi- 
cance of the results, with P< .05 being 
considered significant. Coefficients of cor- 
relation were calculated using the least 
squares method. 


RESULTS 


The retinal flow velocity of the 
eight leakoeytotic patients was 0.53 + 
0.26 (mean + SD) mm/s, which was 
not significantly different from that 
of the normal control subjects (0.46 + 
0.14 mm/s; power, 96% for difference 
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Fig 1.—Blue light entoptoscopy results of eight leukocytotic leukemic patients and eight matched 


control subjects. 
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Fig 2.—Blue light entoptoscopy results of six patients with leukopenia and six matched control 


subjects. 


of 0.2 mm/s and 66% for 0.1 mm/s, 
Fig 1). The number of leukocytes per- 
ceived entoptically (LPE) was signifi- 
cantly greater in the leukocytotic 
group (213 + 42) than in the control 
group (104 + 42, P < .001). The hemo- 
globin levels of the leukocytotic group 
(114 + 31 g/L) were lower than those 
of the normal control subjects (136 + 
16 g/L, P < .05). | 
There was no significant difference 
between the leukocyte velocity of the 


leukopenic patients and that of the 
control subjects (0.47 + 0.19 mm/s 
and 0.55 + 0.14 mm/s, respectively; 
power, 89% for a diference of 0.2 
mm/s and 59% for 0.1). The number 
of LPE of the leukepenic patients was 
significantly less than that of the 
control subjects (97 + 73 vs 179 + 44, 
P<.05, Fig 2) and tne hemoglobin 
levels were also lower than those of 
the control subjects (191 + 10 g/L vs 
140 + 11 g/L, P < 001). 
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to 91% (mean, 88% ) and those for the 
control subjects ranged from 82% to 
96% (mean, 91%). 

Longer-term follow-up studies of 
leukocyte velocity showed that the 
deviations from the mean of the read- 
ings (from the two separate occasions) 
of each of the five leukocytotic 
patients were 3.5%, 17%, 21%, 24%, 
and 38% (Table 2). There was no 
relationship between WBC count and 
leukocyte velocity. The deviations 
from the mean of the readings of the 
three leukopenie patients were 0%, 
1.4%, and 3.8%, and the deviations 
from the mean of the readings of the 
seven normal subjects ranged from 
0.8% to 8.2% (mean, 4.5%). 

On considering the variation of the 
number of LPE with time, we plotted 
the number seen against the WBC 
count as the latter was expected to 
change during treatment. The change 
in the number of LPE tended to corre- 
| spond to the change in WBC count but 
E not in three cases (patients 3, 4, and 
WS 8). For the first reading of each of the 
seven normal subjects, five leukocy- 
totic patients, and three leukopenic 
patients, there was no significant cor- 
relation between WBC and LPE. How- 
ever, a significant correlation was 
demonstrated when the logarithm of 
the WBC was plotted against the log- 
arithm of the number of LPE (r = .72, 
P < .01, Fig 3). The relation between 
WBC count and the number of LPE 
was as follows: log LPE = 0.38 X log 
WBC + 1.73. 


COMMENT 


A high WBC count would be ex- 
pected to interfere with retinal capil- 
lary circulation because the diameter 
of polymorphonuclear leukocytes (11 
um) is greater than that of retinal 
capillaries (8 wm), and these WBCs 
are the least deformable component of 
normal blood.’ Leukemic cells are 
even less deformable due to their 
large rigid nuclei.’ Blood flow in larg- 
er vessels is unlikely to be affected 
because any increase in viscosity is 
offset by the chronic anemia that usu- 
ally accompanies the condition, such 
that the total blood cytocrit rarely 
exceeds 45%.° 

Retinal vein distention, fundal 
hemorrhages, and blurring of the 
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; Fig 3.—Logarithmic plot of leukocytes perceived entoptically (LPE) and leukocyte (WBC) count 
A for 15 patients and normal subjects who had performed the entoptic test on two occasions. Solid 
symbols represent first readings, and open symbols the second. Interrupted line represents linear 


b regression line for all first readings plotted; Log LPE = 0.38 X Log WBC + 1.73; r= .72, optic disc margins have been 
‘z P< 01. described before in patients with high 
i WBC counts, and the appearance has 


been labeled hyperleukocytic retinop- 


Short-term reproducibility (ie, at deviation from the mean of the final athy.’ Leukemic retinopathy also 


the same sitting) of the leukocytotic 
patients ranged from 78% to 100% 
(mean, 88%). These figures were cal- 
culated by expressing the maximum 
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three readings as a percentage of that 
mean, and then subtracting that fig- 
ure from 100%. The figures for the 
leukopenic patients ranged from 85% 


includes cotton-wool spots that are 
thought to be due to severe anemia, 
but this picture is not pathognomonic 
of the condition. Ocular involvement 
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was seen in 9% in a survey of 657 
children with leukemia," but the fig- 
ure for adults is unknewn. 

Our study showed that the retinal 
capillary leukocyte velocity in a group 
of leukocytotic patients was not dif- 
ferent from that of normal control 
subjects. This was unexpected and 
contrasts with studies of digital nail 
bed capillaries, which showed that the 
flow velocity in leukemic patients was 
slower than that of normal subjects,” 
but increased after eytoreduction." 
This may refiect autoregulation in the 
perifoveal capillaries; it may also 
reflect the fact that the pulsatile flow 
in these capillaries (as witnessed by 
most subjects looking into the entop- 
toscope) is more efficient at moving 
the WBCs along the capillaries than 
the flow in peripheral capillaries, 
which is perhaps less pulsatile in 
nature and is elassically described as 
uniform. 

It is also feasible that the cytocrit of 
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Leukocytes 
Perceived 
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prerana 
Velocity, 
g/L mm/s 


0.40 17 
0.40 37 
0.38 23 
0.41 33 
0.34 103 
0.35 


0.26 
0.37 
0.59 
0.55 
0.52 
0.34 
0.31 
0.70 
0.90 
0.55 


0.42 
0.46 
0.62 
0.73 
0.45 
0.47 
0.59 
0.60 
0.69 
0.79 
0.63 
0.59 
0.34 
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blood in the perifoveal capillaries is 
lower than elsewhere in the body due 
to the effects of plasma skimming” 
and the fact that the macular capillar- 
ies branch off the temporal vessels at 
right angles. The inability of the 
entoptic technique to detect a differ- 
ence between the two groups may be 
due to its lack of sensitivity, which we 
had found in an earlier study on dia- 
betics and normal subjects to be 20%,° 
and we had no reason to suspect it 
would be any different for the 
patients in this study. 

The patient with the high WBC 
count was probably unable to see any 
WBCs entoptically because either the 
blood in his vessels was composed of 
almost unbroken columns of WBCs 
whose movement could not be appreci- 
ated or his flow was slow. Slow flow 
could prevent seeing the WBCs 
because movement would aid in the 
perception of such indistinct images 
in the way that physiological micro- 





nystagmus is employed to maintain 
stimulation of adjacent photorecep- 
tors by a point object of regard. Such 
micronystagmus would not help per- 
ception of near-stationary WBCs 
because the latter are moving with the 
globe. 

The follow-up studies showed that 
the leukocyte velocity of the leukocy- 
totic patients was not as consistent as 
that of the leukopenic patients and 
normal subjects (Table 3). This is 
probably due to the varying WBC 
count that seems to influence the 
number of simulated WBCs and, 
therefore, their perceived speed.” This 
happens because of an optical illusion 
whereby greater numbers of simu- 
lated WBCs, moving at the same 
velocity, appear to be moving at a 
higher velocity. We hoped that the 
ability to adjust the number of simu- 
lated WBCs to match the number of 
LPE would lessen this effect, but we 
cannot be certain of excluding it. 
Another factor that would influence a 
patient’s performance, and therefore 
his consistency, is how well he feels. 
The leukocytotic patients were receiv- 
ing therapy to reduce the WBC count, 
whereas the leukopenic patients were 
in remission and enjoyed a greater 
sense of well-being. 

It was interesting to see the correla- 
tion between WBE count and the 
number of LPE, which may have been 
even stronger if our system had not 
been limited to 250 simulated WBCs. 
This may explain why patient 8 did 
not show a corresponding fall of LPE 
with WBC count because both her 
LPE readings were at the maximum 
of 250. The two other patients not 
showing a correspending change in 
LPE emphasize the limitations of the 
method. Modifications have been 
made to entoptic systems such that 
the number of simulated WBCs can be 
increased to about 500.'° The effect of 
the WBC count on the number of LPE 
has been described before,” but it is 
not clear without LPE are granulo- 
cytes alone or lymphocytes as well. 
This would be solved by performing 
the test on patients with chronic lym- 
phocytic leukemia. Patients with 
chronic granulocytic leukemia had 
been selected for this study because 
they would be more likely to demon- 
strate a lower flow velocity than 
would patients with chronic lympho- 
cytic leukemia." 

It will have beem noticed that the 
number of LPE seen by the leukocy- 
totic control subjects (104 + 42) was 
lower than that of the leukopenic con- 
trol subjects (179 + 44). We believe 
this is related to the difference in age 
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between the two groups, the mean age 
of the leukocytotic control subjects 
being 51 years and that of the leuko- 
penic control subjects being 33.5 
years. In a preliminary study of 25 
healthy normal subjects, those aged 
younger than 45 years (n = 15; range, 
20 to 40 years) demonstrated a higher 
number of LPE than those aged 45 
years or older (n = 10; range, 49 to 66 
years; [172+58 vs 123 53, P 
< .05)). 


CONCLUSION 


Our study failed to demonstrate a 
difference in retinal leukocyte veloci- 
ty between a group of (leukocytotic) 
leukemic patients and matched con- 
trol subjects using the blue light 
entoptic technique. This would sug- 
gest that retinal vascular autoregula- 
tion compensates for changes in num- 
bers of WBCs and red blood cells in 
the blood and also that granulocytes 
in chronic leukemia are no more rigid 
than in health, in contrast to in vitro 
experiments,*'* because higher num- 
bers of large and rigid cells would 
have been expected to flow through 
the macular capillaries at a lower 


SS Pe a a ae ae a ae ae ee 


velocity. In this absence of leukosta- 
sis, the incidence of retinal vein occlu- 
sion should be no higher in chronic 
granulocytic leukemia when the WBC 
count is in the range of this study, ie, 
up to 560 X 10°/L. 


This investigation was supported by a grant 
from the Royal National Institute for the Blind, 
London. 

We have no commercial interest in the blue 
light entoptic system for measurement of retinal 
blood flow. 
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, Pars Plana Vitrectomy in the Management of 
Complications of Proliferative Sickle Retinopathy 


Jose S. Pulido, MD; Harry W. Flynn, Jr, MD; John G. Clarkson, MD; George W. Blankenship, MD 


è Ten patients (11 eyes) with sickle-C 
hemoglilobinopathy with complications of 
proliferative sickle retinopathy were 
treated using pars plana vitrectomy with 
or without the use of a scleral buckle. 
Postoperative wsual acuity was improved 
in ten of 11 cases. Three cases of retinal 
detachment were managed by internal 
vitreoretinal techniques alone without the 
use of a scleral buckle. Although 
exchange trans:usions were used in only 
five of the 17 cases, no cases of recog- 
nized anterior segment ischemia oc- 
curred during'the postoperative course of 
these patients. Because of exchange 
transfusion risks and awareness of intra- 
operative anc postoperative measures to 
reduce this complication, the use of 
exchange transfusions probably should 
be discontinued as prophylaxis for 
vitreoretinal surgery in these patients. 

(Arch Ophthalmol 1988;106:1553- 
1557) 


itreoretinal microsurgery may be 

indicated fer advanced prolifera- 
tive sickle retinopathy (PSR), includ- 
ing nonciearing vitreous hemorrhage 
(stage IV), retmal detachment (stage 
VY), or a combined vitreous hemor- 
rhage and retinal detachment. In 
1982, Jampol and associates! retro- 
spectively reviewed the results of 
vitrectomy før PSR before the use of 
endolaser phetocoagulation, endo- 
cryopexy, transvitreal diathermy, or 
routine use of endoillumination. In 
the same articie, they recommended 
the use of preoperative exchange 
transfusien betore vitreoretinal sur- 
gery. Morganand D’Amico’ reported a 
series of four PSR cases, three of 
which were managed by pars plana 
vitrectomy without the use of ex- 
change transfusion. 


Accepted for publication Jan 26, 1988. 

From the Department of Ophthalmology, Bas- 
com Palmer Eye Institute, University of Miami 
School of Medicine. 

4 Read in part befcre Residents’ Days Meeting, 
Bascom Palmer Eye Institute, Miami, June 19, 
1987. 

Reprint requests to Bascom Palmer Eye Insti- 
tute, 900 NW 17th St. Miami, FL 33136 (Dr Harry 
Flynn). 


Arch Ophthalmel—Vol 106, Nov 1988 


This report is a retrospective review 
of ten patients with complications of 
PSR managed by standard pars plana 
vitrectomy techniques with or with- 
out preoperative exchange transfu- 
sion. The issue of exchange transfu- 
sion for vitreoretinal surgery in this 
disease is discussed with respect to 
anterior segment ischemia and the 
inherent risks of transfusion. 


PATIENTS AND METHODS 


Ten patients (11 eyes) with sickle-C (SC) 
hemoglobinopathy and complications of 
PSR underwent pars plana vitreous sur- 
gery (Table) performed between 1981 and 
1987 by one of us (H.W.F., J.G.C., or 
G.W.B.). Five patients were female and 
five were male. Ages ranged from 25 to 62 
years, with a mean of 40.8 years. Follow-up 
averaged 15 months, with a range from 
three to 34 months. 

Preoperative examination included a 
complete ophthalmologic evaluation and 
ultrasonography in cases where a vitreous 
hemorrhage precluded a view of the fun- 
dus. The indications for surgery are sum- 
marized into two categories: (1) nonclear- 
ing vitreous hemorrhage (two eyes) and (2) 
retinal detachment with or without vitre- 
ous hemorrhage (nine eyes). 

Hemoglobin electrophoresis and medical 
evaluation by the internal medicine service 
were performed routinely. Sickle-C hemo- 
globinopathy was confirmed in all ten 
patients. The internal medicine service 
assisted in the preoperative and postopera- 
tive medical management of these 
patients, including maintenance of ade- 
quate hydration, use of nasal oxygen, and 
administration of exchange transfusion in 
selected patients. The patients receiving 
exchange transfusions were encountered 
earlier in the series; this procedure has 
been performed less frequently because of 
the increased awareness of the risks of 
infectious disease transmission. 

Surgery was performed using local anes- 
thesia with intravenous sedation in ten of 
11 cases. The retrobulbar anesthesia injec- 
tion included a combination of bupivacaine 
hydrochloride (Marcaine) and lidocaine 
hydrochloride (Xylocaine) with hyaluroni- 
dase but did not contain epinephrine. Sup- 
plemental oxygen was provided during sur- 
gery and, for most patients, postoperative- 
ly via a nasal cannula. Adequate hydration 
was maintained during the perioperative 
period with supplemental intravenous 
fluids. 


A multifunctional vitrectomy probe was 
used in five cases, and a 20-gauge probe 
with a three-port system was used in six 
cases. Fiberoptic emdoillumination was 
used in all cases, and endolaser or intravit- 
real cryopexy, as well as endodiathermy, 
was used when appropriate. One patient 
was given intraocular silicone oil for recur- 
rent retinal detachment with proliferative 
vitreoretinopathy. 


RESULTS 


A total of 15 operations were per- 
formed on these 11 eyes. The results 
were divided into two categories based 
on the preoperative vitreoretinal 
pathologic findings (Table). Of the 
two patients in the nonclearing vitre- 
ous hemorrhage category, both 
showed improvement from the preop- 
erative visual acuity of hand motions. 
Postoperative visua! acuity was 7/200 
in case 1 because of a macular hole 
noted at the time of surgery. Visual 
acuity in case 2 improved to 20/50, 
with vision limited by a mild nuclear 
sclerotic cataract and an epiretinal 
membrane in the macular area. 

In patients with PSR and retinal 
detachment, pars plana vitrectomy, 
with a variety of aneillary techniques, 
was used in nine cases. Cases 3 and 4 
(right and left eyes of same patient) 
underwent vitrectomy with placement 
of a prophylactic encircling No. 41 
band to relieve peripheral retinal 
traction in both eyes despite the 
absence of peripheral retinal breaks. 
The postoperative visual acuities were 
20/20 OD and 20/40 @S, with 34 and 17 
months of follow-up, respectively. 
Case 5 (left eye) underwent a pars 
plana vitrectomy for total retinal 
detachment but developed peripheral 
retinal tears during the operative pro- 
cedure and recurrent retinal detach- 
ment with proliferative vitreoretinop- 
athy (grade D2), necessitating two 
subsequent operations, including the 
use of silicone oil, and the final visual 
acuity result was light perception 
only. Case 5 (right eye) had a visual 
acuity of no light perception as a 
consequence of an unoperated, long- 
standing retinal detachment. 

A pars plana vitreetomy with inter- 
nal drainage of subretinal fluid 
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Ocular Transfusion 
Status Ut 


Case/Age, 
y/Sex 


3/25/F VH, TRD 


4/27/F 


5/26/M 
6 (3), O (4) 


6/48/F 


7/34/M 


8/62/M 


VH, TRD 


9/39/F 


VH, T & RRD 


10/45/M 


11/45/M___VH, T & RRD 


Anesthesia 
1/51/F VH Local 
2/49/F VH as Local 


5 (1), 7 (2), Local 


General 


Surgery 
Performedt VA 


PPV, fluid/ air 
exchange, SBP 


PPLV, SBP, ERM 
peeling 

PPV (1); SBP (2); 
PPLV, fluid-gas 
exchange (3); 
gas-silicone oil 
exchange (4) 

PPLV, fluid-air 
exchange 


PPV, endolaser 
treatment, 
fluid-air 
exchange 

PPV, transvitreal 
cryopexy, 
fluid-air 
exchange 

PPV. SBP, fluid-gas 
exchange. 


PPV, fluid-gas 
exchange, SBP 
(1); SBP, 360° 
cryopexy (2) 

PPLV, SBP, 
cryopexy, 
fluid-gas 
exchange 





20/400 


20/400 


20/200 


Preoperative Postoperative Follow-up, 


Commentst 
Macular hole 
Mild lens opacity, ERM 


Prophylactic encircling No. 
41 band, postoperative 
cataract, lens extraction 
at ly 


Prophylactic encircling No. 
41 band 


latrogenic unplanned 
peripheral breaks, 
recurrent RD with PVR, 
180° 276 tire, 360° No. 
240 band 


Persistent localized 
peripheral TRD, 
iatrogenic planned 
posterior retinotomy 


Persistent localized 
peripheral TRD, 
iatrogenic planned 
posterior retinotomy 


Macular subretinal fibrous 
band, iatrogenic 
unplanned posterior 
retinotomy 


360° 5-mm sponge with 
localized cryopexy, 
posterior subcapsular 
cataract 


Localized 4-mm sponge 
(1), 360° 5-mm sponge 
(2), persistent localized 
peripheral TRD 

Encircling No. 41 band with 
localized cryopexy to 3 
breaks, retina reattached 


*VA indicates visual acuity; VH, vitreous hemorrhage; PPV, pars plana vitrectomy; HM, hand motions; ERM, epiretinal membrane; TRD, tractional retinal detachment; 
SBP, scleral buckling procedure; PPLV, pars plana lensectomy and vitrectomy; LP, light perception; RD, retinal detachment; PVR, proliferative retinopathy; and T & RRD, 


tractional and rhegmatogenous retinal detachment. 


tNumbers in parentheses indicate operation number. 


through a posterior retinotomy but 
without the use of a scleral buckle was 
used in the management of cases 6, 7, 
and 8. Case 6 had a total retinal 
detachment obscured preoperatively 
by cataract and vitreous hemorrhage 
(Fig 1, left). A pars plana lensectomy, 
vitrectomy, internal drainage of sub- 
retinal fluid through a planned poste- 
rior retinotomy, and fluid-air ex- 
change was performed in this case. 
Complete retinal reattachment was 
achieved, and the visual acuity 
improved from light perception to 20/ 
400 with a one-year follow-up (Fig 1, 
right). Case 7 had a total retinal 
detachment with both vitreous hem- 
orrhage and subretinal hemorrhage 
(Fig 2, left), but the lens remained 
clear. The source of the subretinal 
hemorrhage in this patient was pre- 
sumed to be an intraretinal hemor- 
rhage that extended into the subreti- 
nal space. This eye underwent a pars 
plana vitrectomy, internal drainage of 
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subretinal fluid and blood through a 
planned posterior retinotomy, fluid- 
air exchange, and laser endophotoco- 
agulation treatment to surround the 
retinotomy site. Retinal reattachment 
was achieved, with a final visual acu- 
ity of 20/50, over a seven-month fol- 
low-up (Fig 2, right). Case 8 had a 
vitreous hemorrhage, retinal detach- 
ment, and a clear lens (Fig 3, left). A 
pars plana vitrectomy, internal drain- 
age of subretinal fluid through an 
unplanned posterior retinal break, 
fluid-air exchange, and transvitreal 
cryopexy to the retinal break were 
performed. The visual acuity in this 
case improved from 1/200 to 20/400 
over a 14-month follow-up despite the 
presence of macular subretinal fi- 
brous bands (Fig 3, right). 

Pars plana vitrectomy, fluid-gas 
exchange, and scleral buckling were 
used in eases 9, 10, and 11. In case 9, an 
encircling scleral buckling procedure 
was performed with cryopexy to 


peripheral retinal breaks. Retinal 
reattachment was achieved, but the 
final visual acuity of 8/200 resulted 
from a posterior subcapsular cataract. 
Case 10 underwent a similar surgical 
procedure, except that a localized 4- 
mm sponge was used initially. A 
recurrent retinal detachment oc- 
curred, and reoperation using an 
encircling 5-mm sponge yielded suc- 
cessful retinal reattachment. The 
final visual acuity over a three-month 
follow-up in this case was 20/60. Case 
11 had a long-standing retinal detach- 
ment of at least six months’ duration, 
along with vitreous hemorrhage and 
mature cataract. A pars plana lensec- 
tomy, vitrectomy, internal drainage of 
subretinal fluid through an existing 
peripheral retinal break, fluid-gas 
exchange, and scleral buckling was 
performed. Three well-defined pe- 
ripheral retinal breaks were identi- 
fied and treated with cryopexy in this 
case. Retinal reattachment was 
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Fig .—Case 6. Left, Preoperative ultrasonogram showing total retinal detachment with dense anterior vitreous hemerrhage. 
Right, Postoperative appearance of complete retinal reattachment with band of residual preretinal traction along superior 
temporal vascular arcade. Final visual acuity was 20/400. 
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Fig 2 —Case 7. Left, Preoperative ultrasonogram showing traction retinal detachment with minimal vitreous hemorrhage and 
subretinal hemorrhage. Right, Postoperative appearance of slight macular distortion and straightening of temporal vascular 
arcaees-from peripheral traction. Final visual acuity was 20/50. 





Fig 2—Case 8. Left, Preoperative ultrasonogram showing dense vitreous hemorrhage and retinal detachment. Right, 
Postcperative appearance of complete retinal reattachment with horizontal band of subretinal fibrosis beneath macula. Note 
unplamned iatrogenic retinal break used for internal drainage of subretinal fluid inside inferior temporal arcade (arrow). Final 
visua acuity was 20/400. 
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achieved with a final visual acuity of 
20/400. 

Preoperative exchange transfusions 
were used in cases 1, 3, 5, 6, and 10 
(Table). Although exchange transfu- 
sions were used in only these five of 
the 11 cases, no cases of recognized 
anterior segment ischemia occurred 
during the postoperative course. In 
these five cases, the number of units 
exchanged preoperatively ranged 
from 2 U (case 1) to 14 U (case 6). In 
the 15 operations in these 11 cases, 
exchange transfusions were used in 
seven, including three of the four sur- 
gical procedures in case 5. 


COMMENT 


The neodymium (Nd)-YAG laser 
has been reported to accomplish lysis 
of avascular traction bands and to 
clear the media in front of the macula 
in selected patients with PSR.’ 
Although Nd-YAG laser has been 
used at our institution since 1984, 
none of the patients in our series had 
an adequate view of specific traction 
bands to allow this treatment tech- 
nique. — 

In 1982, Jampol and associates’ 
reported 19 eyes that underwent 
vitrectomy and/or scleral buckling 
procedures for complications of PSR. 
Four eyes underwent only scleral 
buckling procedures and three pa- 
tients with sickle cell trait were also 
included in their report. Of the 
remaining eyes undergoing vitrecto- 
my, intraocular endoillumination was 
used in only one case. Intravitreal 
techniques of endolaser, transvitreal 
cryopexy, intravitreal gas-fluid ex- 
change, or internal subretinal fluid 
drainage were not used in that series. 
In their report, four (80%) of five 
patients had visual improvement fol- 
lowing vitrectomy for nonclearing vit- 
reous hemorrhage. This favorable 
prognosis was confirmed in our 
series. 

For eyes with tractional retinal 
detachments with or without a rheg- 
matogenous component undergoing 
surgery, Jampol and associates’ 
reported only a 50% visual improve- 
ment. These authors pointed out the 
tendency of iatrogenic retinal breaks 
during surgery while attempting to 
relieve peripheral vitreoretinal trac- 
tion. Although two of our cases had 
similar iatrogenic retinal breaks dur- 
ing surgery (cases 5 and 8), we found 
an improvement in visual acuity in 
91% of our cases. Since similar results 
have been reported by other centers,‘ 
advances in vitreoretinal microsur- 
gery have improved the prognosis for 
retinal reattachment and visual 
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improvement in patients with PSR. 

Internal vitreoretinal techniques 
without a scleral buckle yielded suc- 
cessful retinal reattachment in cases 
6, 7, and 8. Although peripheral reti- 
nal breaks may have been present in 
these cases, the organized peripheral 
fibrovascular tissue blocked a view of 
possible underlying retinal breaks. 
Complete retinal reattachment was 
achieved by internal drainage of sub- 
retinal fluid through a posterior reti- 
notomy site. A decision was made in 
these cases not to perform peripheral 
retinal ecryopexy or scleral buckling 
based on the relief of visible peripher- 
al traction and the accomplishment of 
complete intraoperative retinal reat- 
tachment. All three of these cases 
maintained retinal reattachment with 
a follow-up ranging from seven to 18 
months. Escoffery and associates‘ 
used pars plana vitrectomy with fluid- 
air exchange but without a scleral 
buckle in 29 cases of primary rhegma- 
togenous retinal detachment and 
achieved retinal reattachment after 
one operation in 79% of cases. In 
patients with PSR, the use of an encir- 
cling scleral buckle, including the 
manipulation of the rectus muscles, 
adds an additional risk factor for the 
development of anterior segment is- 
chemia. Elimination of the scleral 
buckle in these cases had no adverse 
influence on the final anatomic 
result. 

Anterior segment ischemia was 
reported by Ryan and Goldberg’ to 
occur in 71% of patients undergoing 
scleral buckling procedures for retinal 
detachment in PSR. Preoperative 
exchange transfusion, adequate pa- 
tient hydration, local anesthesia with 
the use of retrobulbar anesthetics 
containing no epinephrine, good peri- 
operative oxygenation, avoidance of 
excessive cryopexy, avoidance of 
extraocular muscle removal intraop- 
eratively, and avoidance of carbonic 
anhydrase inhibitors and osmotic 
agents were recommended to reduce 
the occurrence of anterior segment 
ischemia.'® Hyperbaric oxygen cham- 
bers have also been used and recom- 
mended to lessen this complication.’ 

Jampol and associates’ recom- 
mended that exchange transfusions 
be given prophylactically for all 
patients undergoing vitrectomy for 
complications of PSR based on one 
patient who did not receive preopera- 
tive exchange transfusion and subse- 
quently developed anterior segment 
ischemia. It should be noted that this 
patient received retrobulbar anesthe- 
sia containing epinephrine. 

Since no randomized trial demon- 


strating the efficacy of exchange 
transfusion has been undertaken, the 
value of exchange transfusion in 
patients with PSR undergoing vi- 
treoretinal surgery remains un- 
proved. The short-term risks of 
exchange transfusions include hemo- 
lysis, anaphylaxis, febrile nonhemo- 
lytic reactions, urticaria, noncardio- 
genic pulmonary edema, congestive 
heart failure, hypothermia, and hypo- 
calcemia.: Of more recent concern is 
the risk of infectious diseases that 
might be transmitted, including hepa- 
titis, human immunodeficiency virus 
1 (HIV-1), human immunodeficiency 
virus 2 (HIV-2), cytomegalovirus, 
Epstein-Barr virus, and other retrovi- 
ruses.”'® 

The exact incidence of posttransfu- 
sion hepatitis (PTH) is not known. 
The frequency of PTH may reflect 
regional differences; one report found 
an incidence of 4% in St Louis and 
18% in Houston.’ An overall incidence 
of approximately 10% has been pre- 
dicted in all patients who have 
received blood transfusions, as de- 
fined by abnormal liver function test 
results.” The incidence of PTH might 
have been lowered by testing of the 
blood donor pool for alanine amino- 
transferase (ALT) levels greater than 
40 U/L, by testing for antibody to 
viral hepatitis type B core antigen, 
and by excluding cases with abnormal 
results from the exchange transfusion 
blood pool.'* The incidence of hepatitis 
increases with the number of units 
used.®!? In the most recent and largest 
series evaluating 1513 patients, most 
undergoing elective surgery at four 
different medical centers, who re- 
ceived blood from 5564 donors, 10% 
developed PTH by biochemical crite- 
ria. The average number of units of 
blood used in this large series was 3.7 
U.: The average number of units used 
for prophylactic exchange transfu- 
sions in our patients was 6.8 U, thus 
placing our patients at a high risk for 
PTH. 

Only 5% of PTH is caused by viral 
hepatitis type B; the remainder is 
caused by a virus or group of viruses 
termed non-A, non-B (NANB)." Only 
20% of NANB hepatitis cases develop 
clinical signs including icterus. Most 
are subclinical and can be detected 
only by noting an elevated serum ALT 
level. It is disturbing that NANB hep- 
atitis appears to become chronic, as 
noted by abnormal ALT levels in 40% 
to 60% of patients and by histologic 
criteria in possibly up to 80% of all 
cases. Cirrhosis occurs in at least 15% 
to 20% of all cases of chronic hepati- 
tis.'°!7 
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Human immunodeficiency virus 1, 
the causative agent of acquired immu- 
nodeficiency syndrome, may be trans- 
mitted by exchange transfusion 
despite routime screening. With the 
institution of screening for HIV-1 
antibody, the risk has diminished. It 
is impertant to note, however, that 
there have been false-negative cases. 
Possibly 4% ef tested individuals who 
might carry the virus do not show 
antibodies ‘er weeks or months after 
acquiring it. Although HIV-2 has not 
been reported as a cause of acquired 
immunedeficiency syndrome in the 
United States, this virus has little or 
no cross-reactivity with HIV-1 by 
enzyme-linked immunosorbent assay 
testing. * At the present time, routine 
blood testing is not performed for 
HIV-2 m bioed banks. Consideration 
must be given to these long-term sys- 
temic cempiications when considering 
the risks and benefits of exchange 
transfusion. 

Complications of exchange transfu- 
sion before vitreoretinal surgery have 
been reported previously. In the 
report by Jampol and associates,' the 
total namber of patients receiving 
exchange transfusions is not stated, 
but ome patient who received 
exchange transfusions developed a 
febrile transfusion reaction and sub- 
sequent hepatitis, and another devel- 
oped pulmonary infaretion postopera- 
tively. In the series of Brazier and 
associates,’ eight patients received 
exchange transfusions. Two received 
transfusions from a cell separator, 
both of whom developed febrile reac- 
tions. Of the remaining six patients, 
one developed urticaria, one developed 
transient citrate toxicity, and one 
developed rhesus antibody formation, 
causing a delayed transfusion reac- 
tion. None developed clinical hepati- 


1. Jampel LM, Green JL, Goldberg MF, et al: 
An update on vitrectomy surgery and retinal 
detachment repair in sickle cell disease. Arch 
Ophthalmoi 1982;100:591-593. 

2. Morgan CM, D’Amico DJ: Vitrectomy sur- 
gery in proliferative sickle retinopathy. Am J 
Ophthalmo 198%104:133-138. 

3. Hrisomalos NF, Jampol LM, Moriarty BJ, et 
al: Neodynmium-YAG laser vitreolysis in sickle 
cell retinopathy. Arch Ophthalmol 1987;105:1087- 
1091. 

4. Brazier DJ. Gregor ZJ, Black RK, et al: 
Retinal detachment in patients with prolifera- 
tive sickle cell retinopathy. Trans wae 
Soe UK ¥985;105100-105. 

5. Escoffery RF, Olk RJ, Grand MG, et ae 
Vitrectomy without scleral buckling for primary 

rhegmategenous retinal detachment. Am J Oph- 
` thalmol ¥985;99:275-281. 

6. Ryan SJ Jr, Goldberg MF: Anterior segment 
ischemia following scleral buckling in sickle cell 
hemoglobinopathy. Am J Ophthalmol 1971:72:35- 
50. 


Arch Ophthalmo!l—Vol 106, Nov 1988 


OPN FS ay Pee PR Oe 


As ee 


tis, but no laboratory studies or long- 
term follow-up of ALT levels were 
reported. 

In our series, exchange transfusions 
were performed in five of 11 cases ina 
total of seven operations. The average 
number of units used was 6.8 U, witha 
range of 2 to 14 U. One patient devel- 
oped a febrile reaction (temperature, 
41°C), causing postponement of sur- 
gery until stabilization could be 
achieved. Although none of these 
patients developed clinically evident 
hepatitis, none were followed serially 
with ALT measurements for subclini- 
cal hepatitis. At the time the transfu- 
sions were performed in our series, 
the long-term risks of subclinical hep- 
atitis and other transmissible infec- 
tious agents were not appreciated. 

None of the patients in our series 
developed anterior segment ischemia. 
In five of 11 cases, we incorporated all 
of the previously discussed prophylac- 
tic techniques and included preopera- 
tive exchange transfusions. In the 
other six cases, we used all of the 
techniques without exchange transfu- 
sion. Although some cases of subtle 
transient anterior segment ischemia 
might have been missed in this retro- 
spective study, there were none of the 
typical devastating ocular complica- 
tions previously reported with severe 
anterior segment ischemia. 

We believe the following periopera- 
tive measures will reduce the inci- 
dence of anterior segment ischemia: 
(1) adequate hydration of patients 
before, during, and after the opera- 
tion; (2) maintenance of supplemental 
oxygen; (3) use of local anesthesia 
but avoidance of sympathomimetic 
agents; (4) minimization of manipula- 
tion of the extraocular muscles; (5) 
use of cryopexy to treat specific reti- 
nal breaks only; (6) treatment of post- 
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operative intraocular pressure eleva- 
tion with topical medications or gas 
paracentesis in patients with intraoc- 
ular gas; (7) avoidance of wide and 
high encircling elements; and (8) 
avoidance of the use of carbonic anhy- 
drase inhibitors. In addition, the use 
of pars plana vitrectomy, fluid-gas 
exchange, and internal drainage of 
subretinal fluid allows better control 
of intraocular pressure during sur- 
gery. A cannulated extrusion needle 
was used for internal drainage of sub- 
retinal fluid in cases 7 and 11 as a 
supplement to standard vitreoretinal 
techniques.” 

In the assessment of any medical 
therapy, the risk-benefit ratio must 
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transfusion for patients undergoing 
ocular surgery for complications of 
PSR may introduce significant risks. 
Because of current awareness of peri- 
operative measures that reduce the 
frequency of anterior segment ische- 
mia and the encouraging results 
reported by Morgan and D’Amico,’? the 
use of exchange transfusions before 
vitreoretinal surgery probably should 
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cases of retinal detachment with vit- 
reous hemorrhage or in cases with 
combined rhegmatogenous and trac- 
tional retinal detachment, vitreoreti- 
nal microsurgery utilizing an internal 
approach without the use of a scleral 
buckle should be considered. 
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The Focal Electroretinogram in Fellow Eyes of 


Patients With Idiopathic Macular Holes 


David G. Birch, PhD; Bradley F. Jost, MD; Gary E. Fish, MD 


@ In a prospective study of macular 
hole formation, focal electroretinograms 
(ERGs) were obtained from both eyes of 
35 patients with a unilateral, idiopathic, 
full-thickness macular hole. Foveal cone 
ERG amplitude was significantly corre- 
lated with hole diameter at the initial visit. 
Twenty-six patients had normal foveal 
cone ERGs in the fellow eye at the base- 
line visit and for the duration of the study 
(mean follow-up, 35 months; range, 24 to 
56 months). None of these eyes devel- 
oped a macular hole. Seven eyes had 
significantly reduced foveal cone ERGs in 
the fellow eye, despite good visual acuity 
and a normal-appearing macula on the 
initial visit. Four of these eyes subse- 
quently developed a full-thickness macu- 
lar hole during follow-up (mean follow-up, 
35 months; range, 25 to 46 months). 
Foveal ERG amplitude was significantly 
related to subsequent macular hole for- 
mation, suggesting that this test can pro- 
vide an objective measure of macular 
function to help identify eyes at risk for 
macular hole formation. 

(Arch Ophthalmol 
1563) 


1988; 106: 1558- 


he fellow eye of patients with id- 
iopathic full-thickness macular 
holes has been shown to be at risk for 
the development of a macular hole.'° 
The reported incidence of bilateral 
full-thickness macular holes ranges 
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from 6%? to as high as 22% . Previous 
studies have identified abnormal 
vitreoretinal relationships and char- 
acteristic ophthalmoscopically identi- 
fiable abnormalities of the macula 
that precede hole development.” 
While patients with prehole condi- 
tions tend to retain good visual acu- 
ity, + it is possible that additional 
measures of macular function could 
help identify eyes at risk for hole 
formation. 

Techniques have recently been 
developed for measuring electroreti- 
nograms (ERGs) in response to focal 
retinal stimulation.''’® Significant 
reductions in focal ERG amplitude 
have been found, despite good visual 
acuity, in retinitis pigmentosa," ” ear- 
ly stages of hereditary macular 
degeneration,'*” and age-related mac- 
ular degeneration.'*!?! As a summed 
response from foveal cones, the focal 
ERG is sensitive to the number of 
cones”? and to decreased quantal 
catch, for example, due to shortened 
or misaligned photoreceptor outer 
segments.” 

This study was undertaken to deter- 
mine the prognostic value of the focal 
ERG in identifying fellow eyes of 
patients with idiopathic macular 
holes that were at risk for the devel- 
opment of a macular hole. In addition, 
results from eyes with full-thickness 
macular holes were used to assess the 
relationship between focal ERG 
amplitude and macular hole diame- 
ter. 


SUBJECTS AND METHODS 


Of 42 consecutive patients with an idio- 
pathic full-thickness macular hole in one 
eye seen over a 30-month period, 35 (29 
women, six men) were asked to participate 


in a prospective study, after the goals of 
the study and procedures involved were 
carefully explained. Exclusion criteria 
included a best corrected visual acuity 
worse than 20/40 in the fellow eye and 
residence too distant for follow-up visits. 
The initial visit included a complete ocular 
history and ophthalmic examination. All 
patients were examined with the Hruby 
lens, contact lens biomicroscopy, or both. 
Stereo fundus photographs were obtained 
in all cases. Snellen visual acuity was 
measured with the patient’s present cor- 
rection. Focal ERGs were recorded at least 
one hour after fundus photography. Each 
patient was asked to return at yearly inter- 
vals, when focal ERGs were repeated, typ- 
ically in conjunction with an ophthal- 
moscopic examination and stereo fundus 
photography. Patients were instructed to 
return immediately if any visual symp- 
toms were noted in the fellow eye. Of the 35 
patients initially enrolled in the study, one 
was unavailable for follow-up after the 
initial visit and one patient died within one 
year of enrollment. The remaining 33 
patients (mean age + SD, 63 + 6 years; 
range, 51 to 77 years) have been followed 
up for at least two years (mean follow- 
up + SD, 35 + 10 months; range, 24 to 56 
months). 

Responses from patients were compared 
with responses from 35 normal subjects (25 
women, ten men). Normal subjects were 
similar in age to patients (mean age + SD, 
64 + 8 years; range, 51 to 79 years). No 
differences were found in foveal cone ERG 
amplitude between males and females 
(t=1.02, not significant [NS]). Mean 
amplitude for focal ERGs recorded from 
the fovea in these age-matched eyes was 
0.27 uV.” In this study, a focal ERG from 
the fovea of a patient was significantly 
lower than normal (P < .05) if the ampli- _ 
tude was less than 0.17 „V. Parafoveal 
amplitude is approximately half the foveal 
amplitude in normal subjects.” The aver- 
age noise level is 0.06 uV.” 

Focal ERGs were obtained from the 
fovea and parafovea (midway between the 
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Fig 1.—Focal electroretinograms from fovea and parafovea of normal eye and from three eyes 
with full-thickness macular hole. Two repetitions of each foveal response are shown to 
demonstratewepeatability. Vertical spikes indicate stimulus onset. Foveal amplitude decreased 


with increasing hole diameter. 


fovea and optic disc) ef each eye during 
direct visualization of the fundus with a 
hand-held _stimulator-ophthalmoscope."* 
Responses were recorded from the anes- 
thetized (05% proparacaine hydrochlo- 
ride) and dilated (2.5% phenylephrine 
hydrochloride and 1% tropicamide) eye 
with a Burian-Allen bipolar contact lens 
electrode. The stimulus was a 3° white 
flickering (42-Hz) spot centered within a 
steady 10° white anulus. The retinal illu- 
minance of the anulus (5.3 log trolands) 
was higher than that of the stimulus (4.8 
log trelands) to mask stray light. 
Responses were differentially amplified 
(gain = 50000) and bandpass amplified 
(gain = 20) at the stimulus frequency 
(Q = 15). Each averaged response (n = 200) 
was obtained en-line with a general-pur- 
pose computer employing an artifact reject 
subroutine to eliminate sweeps containing 
voltages greater than 1 uV (presumably 
from blinks and eye movements). Averag- 
ing was controlled by the experimenter 
with a foot pedal so that ERGs were 
acquired only when the test was centered 
on either the fovea or parafovea. At least 
two computer-avyeraged responses were 
obtained from the fovea of each patient. 
All fundus phetographs were reviewed 
by one of us (B.F.J.). Macular hole diame- 
ter and the diameter of the surrounding 
retinal elevation was measured with a 
graticule. Fundus photographs of fellow 
eyes were reviewed with particular atten- 


Arch Ophthalmol— Vol 106, Nov 1988 


tion given to a foveal thinning pattern, as 
well as to possible cyst or hole formation. 
Eyes showing a change in foveal appear- 
ance or developing a full-thickness macu- 
lar hole were reviewed by two of us (G.E.F. 
and B.F.J.). Estimates of macular hole 
diameter and evaluations of the fellow eyes 
were made without knowledge of focal 
ERG results. 

Linear regression analysis was used to 
determine the relationship between macu- 
lar hole diameter and focal cone ERG 
parameters. The possible prognostic value 
of the focal ERG in identifying fellow eyes 
at risk was assessed with the Fisher’s 
exact probability test, a variant of the x? 
test for use with small expected frequen- 
cies. 


RESULTS 


Figure 1 shows representative focal 
cone ERGs from the fovea and para- 
fovea of a norma. eye and from three 
eyes with a full-thickness macular 
hole. Responses from the fovea lay 
within the normal range of amplitude 
in the eye with a 200-um hole, but 
were significantly reduced in ampli- 
tude in the eyes with 500- and 900-um 
holes. Responses from the parafovea 
were normal in amplitude in all three 
eyes. Foveal implicit time (time from 
stimulus onset to major positive peak) 






o o 
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o 


100 300 500 700 900 
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Fig 2.—Relationship between foveal cone 
electroretinogram amplitude and hole diame- 
ter at initial visit in 35 eyes with full-thickness 
macular holes. Solid circles represent mean 
amplitude for holes with particular diameter; 
vertical bars, + SD of mean; and shaded 
area, 90% of area for normal distribution of 
foveal amplitudes. Foveal amplitude falls 
below shaded area im 5% of normal eyes of 
subjects aged 51 to 80 years. 


was longer in eyes with macular holes 
than in the normal eye, but was not 
systematically related to hole diame- 
ter. 

The relationship between foveal 
cone ERG amplitude and hole diame- 
ter in all 35 eyes at the initial visit is 
shown in Fig 2. Most patients with 
full-thickness holes measuring less 
than 300 wm (1°) in diameter had 
foveal ERG amplitudes within the 
normal range. Patients with a 900-um 
(3°) diameter hole had foveal 
responses indistinguishable from 
noise (0.06 uV). Feveal amplitude was 
inversely proportienal to the diameter 
of the full-thickness macular hole 
(7;; = —.6, P< .001). Foveal implicit 
time was not correlated with hole 
diameter (r;,; = .38, NS). Foveal im- 
plicit times in eyes with macular holes 
(mean, 35.9 ms) were longer than nor- 
mal foveal implicit times (mean, 34.5 
ms; ts = 3.84; P < .001) but shorter 
than normal parafoveal implicit times 
(mean, 36.8 ms; * = 2.26; P < .05). 
There was no significant relationship 
between hole diameter and parafoveal 
amplitude (r = —.13, NS) or parafov- 
eal implicit time (r = .1, NS). 

Twenty-six (79%) of 33 patients 
with full-thickness macular holes in 
one eye had normal fovea! cone ERGs 
in the fellow eye at their initial visit. 
Foveal ERG amplitude remained 
within the normal range for the dura- 
tion of the study ‘mean follow-up + 
SD, 35 + 11 months; range, 24 to 56 
months). None of these patients devel- 
oped macular holes in the fellow eye. 
Results from a representative patient 
in this group are shown in Fig 3. 
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Fig 3.—Solid circles show yearly measures of foveal amplitude, Snellen visual acuity, and macular appearance in 
representative patient from group that did not develop macular holes. Shaded area represents 90% of area for normal 
distribution of foveal amplitudes in eyes of subjects aged 51 to 80 years. 


Table 1.-Clinical Findings in Patients With Reduced Focal Electroretinograms in Fellow Eye 









Baseline Baseline Macular Macular Baseline 
Patient No./ Visual Foveal Cyst Hole to Hole Final Visual Duration of 
Age, y/Sex Acuity Amplitude, uV Noted Formed Formation, mo Acuity Follow-up, mo 












305/70/F 20/40 0.12 20/60 
656 /50/F 20/30 0.16 20/ 100 
16/63/F 20/20 0.15 20/70 


64/72/F 20/20 0.16 20/30 
1075/56/M 20/20 0.12 20/160 


No No Re 4 46 
Yes Yes 21 35 
7 ; Yes Yes 18 34 
7 No No — 34 
Yes Yes 8 27 
Yes No stats 25 


1597/61/F 20/30 0.15 20/40 


Foveal cone ERG amplitude in the eye 
with the macular hole was reduced 
significantly below normal on the ini- 
tial visit and remained significantly 
below normal for the duration of fol- 
low-up. Visual acuity improved during 
the study from an initial value of 
20/400 to a final value of 20/60. The 
diameter of the full-thickness macu- 
lar hole in the affected eye increased 
from 300 to 500 um between the initial 
visit and year 1. Responses from the 
fellow eye averaged 0.33 „V and varied 
less than 0.05 „V on repeated visits. 


Visual acuity varied by no more than 


one line on repeated visits and macu- 
lar appearance remained normal. 
Seven (21%) of 33 patients with 
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full-thickness macular holes in one 
eye had significantly reduced foveal 
cone ERG amplitudes in the fellow 
eye (Table 1). Baseline angiograms 
were obtained for four of the seven. 
One patient (patient 1075) had mild 
early foveal hyperfluorescence with 
no associated staining or leakage. The 
other fluorescein angiograms were 
normal. Four (57%) of these patients 
went on to develop a full-thickness 
macular hole in the fellow eye during 
the study. At the initial visit, two 
patients had 20/20 Snellen visual acu- 
ity, one patient had 20/25, and anoth- 
er patient had 20/30. Results from a 
representative patient in this group 
are shown in Fig 4. The patient initial- 


ly presented with a full-thickness hole 
of approximately 300-um diameter in 
the right eye. The left eye showed 
subtle retinal pigment epithelium lev- 
el abnormalities within the macula, 
but retained 20/30 visual acuity, 
despite reduced foveal ERG ampli- 
tude. One year later, the hole had 
increased slightly in diameter in the 
right eye, and a cystic elevation was 
noted in the fellow left eye. The visual 
acuity had decreased to 20/70 OS and 
the foveal ERG remained significant- 
ly below normal. Within a year, a 
full-thickness hole had evolved, lead- 
ing to a drop in visual acuity to the 
20/200 OS level. A cyst was noted 
before the development of a full- 
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Fig 4.—Solid circles show yearly measures of foveal amplitude, Snellen visua! acuity, and macular appearance in ZA 
representative patient from group that developed full-thickness macular holes during study. Foveal cone electroretinogram on 
amplitede was abnormal before development of macular cyst and before drop in visual acuity. Shaded area represents 90% iz 


of area fer normal distribution of foveal amplitudes in eyes cf subjects aged 51 to 80 years. 


Fig 5.—Solid circles show yearly measures of foveal amplitude, Snellen visual acuity, and it 

macular appearance in patient who developed macular cyst during study. Cyst subsequently th 
thickness hole in three of four resolved with return to near-normal visual acuity. Shaded area represents 90% of area for normal | 
patients who developed a macular distribution of foveal amplitudes in eyes of subjects aged 51 to 80 years. 





hole during this study. OD-Fellow Eye OS-Macular Hole SS 
Three patients with reduced foveal J. 0.4 A 3 aa 
cone ERGs in the fellow eye retained + peo A r Y 
good visual acuity without macular $ 0.3 Bees: E EEEE a 
hole formation. One patient showed & Eee re i a 
early age-related macular degenera- £ 0.2 Rasa A 
tion that could have led to reduced <= os ti 2—_® 2A 
foveal amplitudes. A second patient §& ot 4: 
had consistently low amplitudes for € 0 i 
the duration of the study, despite good E 
- visual acuityard noapparent macular 2 20/20 20/20 E. 
disease. The clinical course of a third 3 JAA 
patient is illustrated in Fig 5. On the œ% 20/60 20/60 oy 
initial visit, retinal pigment epitheli- 2 kz 
um level abnormalities were noted in Z 20/200 20/200 aa 
the fellow eye with a visual acuity of £$ o___, -AS 
20/30. Foveal cone ERG amplitude § 20/800 20/600 ae 
was significantly reduced. On the sec- E 
ond visit, a macular cyst was clearly ¢ Epes E Ta ing $ aka F ak a 
present and visual acuity haddropped ~*~ cyst f gar a =| cyst f {Í ja 
to 20/200. By the third visit, the cyst 2 1a 
had resolved and visual acuity had € 300 300 -A 
returned to 20/40. ra) s 
4 _ The relationship between foveal £ 600 600 F @——_@—_-® E 
= ERG amplitude and outcome in the + d 
fellow eye is summarized in Table 2. 900 b aaron amma 900 Li Tae 
Foveal ERG amplitude was signifi- 4 
cantly related to subsequent hole for- Year Year : 
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Table 2. Relationship Between Foveal 
etino ram (ERG) Amplitude and 
Outcome in Fellow Eye : 





Outcome * 


Foveal 
Amplitude 
Normal 26 
Reduced 3 


No Hole 





*Foveal ERG amplitude was significantly related 
to subsequent hole formation (Fisher's exact proba- 
bility test, P = .001). 


mation (Fisher’s exact probability 
test, P = .001). 


COMMENT 


Results obtained at the baseline 
visit from eyes with full-thickness 
macular holes establish a significant 
inverse correlation between macular 
hole diameter and foveal ERG ampli- 
tude. This finding is consistent with a 
decrease in focal ERG amplitude 
found in normal eyes as cone density 
decreases with retinal eccentricity.” 
Mean foveal implicit time in eyes with 
macular holes was intermediate 
between foveal and parafoveal implic- 
it times in normal eyes. Because 
responses were presumably domi- 
nated by normal cones surrounding 
the hole, these findings are consistent 
with an increase in implicit time with 
eccentricity in the parafovea.””' 
Implicit time was not related to foveal 
amplitude as it is in more diffuse 
forms of maculopathy.'* These find- 
ings are analogous to those estab- 
lished for the full-field ERG, where 
diffuse forms of retinal disease show 
delayed b-wave implicit times, while 
delimited disease produces reduced 
amplitude without large delays.” 

Prospective measures in the fellow 
eyes of patients with idiopathic full- 
thickness macular holes indicate a 
significant relationship between fove- 
al ERG amplitude and.the subsequent 
development of a macular hole. None 
of the 26 fellow eyes that had a nor- 
mal baseline focal ERG developed a 
macular hole during the follow-up 
period. All patients were followed up 
for a minimum of 24 months, with an 
average follow-up of 35 months 
(range, 24 to 56 months). The duration 
of follow-up was not significantly dif- 
ferent between patients with normal 
vs reduced foveal amplitude on the 
initial visit (t= 0.09, NS). Fifty-seven 
percent (4/7) of eyes with abnormal 
baseline focal ERGs developed macu- 
lar holes during the course of follow- 
up. This difference-in the rate of mac- 
ular hole formation in the two base- 
line groups is significant (Fisher’s 
exact probability test, P = .001) and 
suggests that the focal ERG may be a 
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valuable component of assessment of 
macular hole risk. 

The ineidence of macular hole for- 
mation in fellow eyes for all patients 
in this study was 12%, which corre- 
sponds to the incidence reported in 
previous studies of 10% to 22%.'° 
However, none of the 26 patients with 
normal baseline focal ERGs developed 
macular holes. The incidence of macu- 
lar hole formation increases to 57% 
when only fellow eyes with reduced 
focal ERG amplitudes are consid- 
ered. 

All four of the eyes that progressed 
to full-thickness macular holes had 
visual acuities of 20/30 or better and 
no obvious vitreomacular traction, 
cyst formation, or other abnormality 
that distinguished these eyes from 
other fellow eyes at the baseline visit. 
This suggests that the foveal cone 
ERG is sensitive to premacular hole 
pathophysiology that is not reflected 
in visual acuity. We were able to iden- 
tify cyst formation in three of four 
eyes before macular hole formation 
and visual acuity declined in each eye 
before hole formation. One patient in 
our series developed a cyst in the 
fellow eye that resolved without mac- 
ular hole formation (Fig 5). This find- 
ing underscores the fact that not all 
cysts progress to full-thickness macu- 
lar holes. The cause of reduced foveal 
cone ERG amplitude is presumably 
not a decrease in the number of foveal 
cones, since visual acuity improved 
rapidly when the cyst resolved. 
Reduced foveal ERG amplitudes could 
result from decreased optical density 
due to shortened or misaligned cone 
outer segments. The disturbance must 
involve at least the central 300 um, 
since an eye with a full-thickness hole 
smaller than this can have a focal 
ERG amplitude within the normal 
range. If so, other tests of visual func- 
tion, such as contrast sensitivity or 
Stiles-Crawford measures, may be of 
value in detecting eyes at risk for 
macular hole formation. 

Previous studies have identified 
macular cysts before macular hole 
formation.'? McDonnell et al? found 
that 50% of macular cysts became 
full-thickness holes over a mean fol- 
low-up of 24 months. Bronstein et al? 
found that three (50%) of six fellow 
eyes with macular cysts progressed to 
hole formation within five months. 
Our results are consistent with these 
findings in that three (75%) of four 
eyes in which cysts were noted during 
the study went on to develop full- 
thickness macular holes. 

Morgan and Schatz‘ have described 
a clinical condition that they call “in- 


volutional macular thinning.” These 
eyes have a thinned, mildly atrophic 
fovea that they believe is due to loss or 
thinning of retinal tissue in the cen- 
tral fovea. The underlying retinal pig- 
ment epithelium and choroid are occa- 
sionally seen more clearly due to the 
retinal thinning. Over the course of 
follow-up in their study, 27% of the 
eyes with this clinical condition devel- 
oped macular holes compared with 
none of the normal fellow eyes. They 
speculated that altered choroidal 
blood flow may produce focal retinal 
and retinal pigment epithelium 
changes that make the fovea more 
susceptible to vitreous traction with 
resultant macular hole formation. 

Important observations regarding 
the status of the vitreoretinal rela- 
tionship in the development of macu- 
lar holes have also been made.'*'° 
McDonnell et al? identified 22 eyes 
with macular cysts and no evidence of 
posterior vitreous detachment (PVD). 
Ten of the 11 eyes with cysts that 
progressed to full-thickness macular 
holes had also developed complete 
PVDs. None of the 11 eyes with cysts 
that did not progress to full-thickness 
macular holes were found to have 
PVDs. They interpreted these obser- 
vations as strong circumstantial evi- 
dence that the vitreous plays a role in 
macular hole formation. Trempe et al’ 
examined 49 fellow eyes of patients 
with macular holes. During their fol- 
low-up period, 29% of eyes without 
initial PVD developed macular holes, 
but none of the eyes with PVD at 
baseline did so. They concluded that 
vitreous adhesion to the macula is 
strongly related to macular hole for- 
mation. Morgan and Schatz’ found 
that 83% (10/12) of eyes that devel- 
oped a PVD during the study also 
developed a macular hole. They 
believe that the final step in the 
pathogenesis of macular holes in- 
volves macular traetion. 

Recent reports of pars plana vitrec- 
tomy to prevent macular hole forma- 
tion” are based on the evidence sug- 
gesting prior abnormal vitreoretinal 
relationships.'*"° Used in conjunction 
with careful ophthalmoscopic exami- 
nation, the focal ERG is an objective 
test of macular cone function that can 
help identify eyes at increased risk for 
macular hole formation. Over an aver- 
age follow-up of 35 months, fellow 
eyes were not at increased risk if the 
focal ERG was normal, while a high 
proportion of patients with abnormal 
foveal ERG amplitude later developed 
a macular hole despite good visual 
acuity and a normal-appearing fovea 
at the time of the initial visit. 
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Paradoxic Pupillary Phenomena 


_ oS 


A Review of Patients With Pupillary Constriction to Darkness 


Jacqueline W. Frank, CO; Burton J. Kushner, MD; Thomas D. France, MD 


è The presence of pupillary constric- 
tion to darkness is said to be a useful 
indicator of retinal disease. However, it is 
also associated with optic nerve disease. 
The phenomenon has been reported in 
patients with congenital stationary night- 
blindness, congenital achromatopsia, bi- 
lateral optic neuritis, and dominant optic 
atrophy. We have observed this response 
in additional disorders, including anoma- 
lies of the optic nerve development, con- 
genital nystagmus, and a variety of dis- 
eases affecting the retina. Notably, four 
of our patients with strabismus and 
amblyopia, but without apparent retinal or 
optic nerve disease, have also demon- 
strated this paradoxic pupil response. 
While the mechanism for pupillary con- 
striction to darkness remains unclear, the 
finding of this response in patients with- 
out retinal or optic nerve abnormalities 
questions its value as a localizing sign. 

(Arch Ophthalmol 1988;106:1564- 
1566) 


n 1977, Barricks et al' reported pupil 

constriction to darkness in three 
patients with congenital stationary 
nightblindness (CSNB); a few years 
later, Flynn et al described the 
response in three patients with con- 
genital achromatopsia. Price et ab 
found pupil constriction to darkness 
in patients with CSNB, congenital 
achromatopsia, dominant optic atro- 
phy, and bilateral optic neuritis. Bar- 
ricks et al and Price et al stated that 
paradoxic pupil constriction to dark- 
ness is indicative of retinal disease. 
We describe our series of patients 
with constriction of the pupil to dark- 
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ness, including four patients without 
apparent retinal or optic nerve abnor- 
malities. 


SUBJECTS AND METHODS 


We specifically look for the paradoxic 
pupil response in patients with nystagmus 
or decreased vision. A patient file review 
yielded 29 cases of patients with pupillary 
constriction to darkness. 

In all cases the paradoxic pupil constric- 
tion to darkness response was readily elic- 
ited by observation of the pupils without 
the aid of special equipment, after the 
room lights were abruptly changed from 
full to dim. Fixation in young children was 
controlled by having them look in the 
distance at a cartoon movie or an animated 
toy. Older patients were asked to fixate the 
vision chart during the examination. Most 
of our patients were evaluated by more 
than one examiner to document the 
response. In each case the initial response 
was pupillary constriction. Direct and con- 
sensual responses to light were normal, as 
was the near response. Each patient had a 
complete ophthalmologic evaluation and 
an orthoptic assessment as indicated. Elec- 
trodiagnostic testing was performed in 
patients with nystagmus or bilaterally 
decreased visual acuity, using skin elec- 
trodes as described by Jones and France.‘ 


RESULTS 


The review of patient files showed 
the paradoxie pupil constriction to 
darkness response to be present in 29 
patients. In 25 of the 29 patients the 
response was associated with an 
abnormality of the optic nerve or reti- 
na, or nystagmus. Seven patients have 
either CSNB'! or achromatopsia® (Ta- 
ble 1). Six patients have anomalies of 
optic nerve development (Table 2). 
There are six patients with congenital 
(motor) nystagmus in whom visual 
acuities measure 20/60 or better and 
the light-flash electroretinogram 
(ERG) recordings are normal. Includ- 
ed in this group is one patient (case 


23) with nystagmus and a unilateral 
persistent hyperplastic primary vitre- 
ous in whom an enucleation of the 
involved eye was performed; the nys- 
tagmus is dampened with a compen- 
satory head turn and visual acuity is 
20/40 (Table 3). Six patients have ret- 
inal disorders of various causes (Ta- 
ble 4). 

The remaining four patients, who 
presented to our clinic because of 
amblyopia or motility problems, have 
no other indication of retinal or optic 


nerve anomalies. By report, there is ` 


no history of nyctalopia in these 
patients or their families (Table 5). 


REPORT OF CASES 


Case 1.—An infant girl was first seen at 
age 5 months. The referring pediatrician 
was concerned that this patient, who pre- 
sented with obesity, delayed developmen- 
tal milestones and gross motor skills, 
excessive thirst, and hypotonia, could have 
the Prader-Willi or Laurence-Moon-Biedel 
syndrome. Ocular examination showed 
mild amblyopia of the left eye and esotro- 
pia of 35 prism diopters. Fundus examina- 
tion showed no abnormality or optic atro- 
phy. Cycloplegic retinoscopy revealed a — 
negligible refractive error. A light-adapted 
electroretinogram (ERG)-visual evoked 
response was performed with a good 
response for each eye. Neurologic evalua- 
tion, including computed tomographic 
scan, lateral skull roentgenograms, and a 
water deprivation test for diabetes insipi- 
dus, disclosed norma! findings. The ambly- 
opia was treated with patching. Reevalua- 
tion at age 2 years confirmed the persis- 
tence of a left esotropia and hypertropia 
that was greater to left gaze, with poor 
abduction saccades of the left lateral rec- 
tus. Fusion appeared to be present with a 
left face turn. Paradoxic pupil responses 
were noted with routine pupil examina- 
tion. A recess-resect procedure with supra- 
placement of the medial and lateral recti of 
the left eye was performed. Forced duc- 
tions performed at the time of surgery 
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were nermal. Last evaluation at age 6 
years revealed a small angle esotropia and 
double dissociated hypertropia. Fusion was 
reported at near with the Worth four dot 
test. Visual acuity was measured at 20/40 
OU with the “E” test. Examination of the 
fundi disclosec no abnormalities except for 
mild exeyclatorsion of the right eye. Cyclo- 
plegic refractien findings were normal. 
Paradoxic constriction of the pupils was 
still present. General developmental skills 
were normal. 

Case 2.—A 53-year-old boy was referred 
with hypotonia and developmental delay, 
and reduced ere movement. Visual acuity 
was 6/12 OU at distance to the Sheridan- 
Gardiner test. Cover test revealed ortho- 
phoria at distance and near. Stereopsis 
was present ‘to 200 s of arc and fusion was 
reported to the Worth four dot test at 
distance and near. Version testing was 
significant in that the patient was unable 
to generate either horizontal or vertical 
saccadic or persuit eye movements; no 
vertical or hørizontal eye movements could 
be elicited with the optekinetic nystagmus 
drum or doll’s nead maneuver. The patient 
had a staring appearance and turned his 
head to change his point of fixation. Find- 
ings from fundus examination and cyclo- 
plegic refraetion were normal. Neurologic 
and endocrine evaluation confirmed the 
hypetonia, small stature, and delayed bone 
age. The hypetonia was believed to be 
secondary to am upper motor neuron prob- 
lem representing static encephalopathy 
(cerebral palsy). Pupillary constriction to 
darkness was noted on routine pupil exam- 
ination. The eye findings have remained 
unchanged to repeated evaluations during 
the one year of follew-up. 

Case 3.—A 5-year-old boy was evaluated 
for failure on-a scheol sight screening test 
and for a squint that had been noted 
recently. Examination revealed visual acu- 
ity of 20725 @L) and 20/200 OS. Fusion was 
present only-with the near Worth four dot 
test and stereapsis measured 800 s of arc. 
Eccentric fixation of the left eye was noted. 
The cycloplegic refraction was found to be 
+0.25+0.25x380 OD and —4.00+1.50X125 
OS. Peripheral cortical spoking of the left 
lens was noted. The fundus examination 
showed no abnormality. Visual acuity 
improved to 20. 70 OS after wearing correc- 
tion for one month. Full-time occlusion 
was then carried out; hewever, visual acu- 
ity remained reduced at the 20/50 to 20/70 
level. During the sixyears of follow-up, the 
refractive errer of the right eye has 
remained stable. Myopia of the left eye has 
increased to —5.00+1.50X115. At the last 
visit, a small exephoria was present on 
cover testing. Stereepsis had improved to 
40 s of arc and fusien was obtained to the 
foveal size Worth four dot test. Pupillary 
constriction to darkness was first noted at 
age 10 years. 

Case 4.—Am infant girl was first seen at 
age 4 months for mfantile-onset esotropia. 
An esotropia, varying from 25 to 40 prism 
diopters, was measured by the Krimsky 
method. Treatment has consisted of alter- 
nate occlusion and echothiophate iodide. 
When this patientawas examined at age 11⁄2 
years, the cover test revealed 16 prism 
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Table 1.—Patients With Congenital Stationary Nightblindness or Gongenital 
Achromatopsia* 







Visual Acuity 





Patient/ 


Age, y Diagnosis 








































5/9 CSNB 20/30 20/40 Absent scotopic blue, High myopia, normal 
absent scotopic red D-15 E: 
6/15 CA 20/300 20/300 Absent photopic (and Nystagmus E 
color), abnormal 3 
scotopic 4 
7/15 CA 20/200 20/300 Absent photopic (and Nystagmus, abnormal p 
color), abnormal D-15 Ps 
scotopic = 
8/5 CA 20/200 20/400 Abnormal photopic, Nystagmus ma 
scotopic color = 
9/11 CA 20/100 20/100 Absent cone response Nystagmus | 
20/200 20/200 Absent photopic, absent Nystagmus f: 
scotopic red, normal Eý 
scotopic blue; DA, no 
cone response 
10/200 10/200 Absent photopic, absent Nystagmus, abnormal 
scotopic white, normal D: 15, ET 
scotopic color 
* Abbreviations are as follows: CSNB, congenital stationary nightblindness; CA,„consenital achromatopsia; A 
D-15, Farnsworth D-15 dichotomous test; ET, esotropia; ERG, electroretinogram; and DA, dark adaptation. a 
Table 2.—Patients With Optic Nerve Anomalies* i 
Patient/ Age, Visual Acuity 
y, at Last > 
Examination Diagnosis OD Os x 
12/6 Unilateral coloboma Multiple congenital 
microphthalmos LP éP 20/25 ae anomalies i 
13/1 ON hypoplasia OU CUSM CUSM Normal Nystagmus í 
14/5 Optic atrophy 10/200 20/200 n Nystagmus, 
hyærocephalus 
15/7 Atrophic, hypoplastic Septe-optic dysplasia, = 
ON OU 20/120 20/120 Normal nystagmus, esotropia $ 
16/3 ON coloboma OU CUSM CUSM Reduced Nystagmus i á 
Coloboma OU Not CSM LP OD: horoidal coloboma 
invelving ON X 
OS: microphthalmos; 3 
iris; choroid, disc = 
colobomas 3 
* Abbreviations are as follows: ON, optic nerve; CUSM, central, unsteady, maintained fixation; CSM, central, È 


steady, maintained fixation; LP, light perception; LP ¢ P, light perception with projection; and ERG, 
electroretinogram. ia 


Table 3.—Patients With Congenital Nystagmus* E 


Patient/ Age, Visual Acuity 
y, at Last — 
Examination oD os Other 





18/13 20/50 20/60 Normal Premature 


19/5 CUSM CUSM Normal 


20/15 20/20 20/60 ae X(T), amblyopia, 
muscle surgery 
Unilateral PHPV and 

cataract, ET 


21/1 CUSM Not CSM Normal 


20/20 20/20 


Normal (photopic; 
scotopic) 


22/4 


Unilateral PHPV OD, 
enucleation OD, 
nystagmus with 
unilateral blocking 
syndrome 





* Abbreviations are as follows: CUSM, central, unsteady, maintained fixation; CSM, central, steady, 
maintained fixation; ERG, electroretinogram; PHPV, persistent hyperplastic primary vitreous: X(T), exotropia, 
intermittent; and ET, esotropia. 


el itt“ Lat 
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Patient/ Age, 
y, at Last 
Examination 





Diagnosis OD 


24/7 Retinitis pigmentosa 20/40 
(recessive) 
25/10 Leber’s amaurosis 10/200 


26/15 Leber’s amaurosis 10/160 





10/160 Absent scotopic, 


Os ERG . 
Absent photopic, 


20/20 Accommodative ET 
scotopic 

5/200 Absent photopic, High myopia, 
scotopic, color nystagmus 


Nystagmus, pale 


photopic, DA discs, narrow 
elevated rod vessels 
threshold 
27/13 Best's disease 20/100 20/30 TF EF 
28/17 Macular dystrophy 20/200 20/100 Abnormal cone Myopia, normal 
D-15 
29/26 Oculocutaneous 20/80 20/40 Tyrosinase-positive 
albinism 


* Abbreviations are as follows: D-15, Farnsworth D-15 dichotomous test; ERG, electroretinogram; ET, 


esotropia; and DA, dark adaptation. 


Table 5.—Patients With Amblyopia or Strabismus* 


Visual Acuity 





Patient/Age, 
y, at Last 
Examination Diagnosis OD Os 
1/6 Esotropia, amblyopia 20/40 20/40 Normal Obesity, early 
developmental delay 
2/3 Oculomotor apraxia 20/40 20/40 “wes Developmental delay, 










3/11 Anisometropic amblyopia 





20/20 


static encephalopathy 


Unilateral myopia, 
orthophoria, stereopsis 










20/50 


4/2 Dissociated hypertropia, CSM CSM wan eid 
amblyopia 


* Abbreviations are as follows: CSM, central, steady, maintained fixation; and ERG, electroretinogram. 


diopters of intermittent exotropia with a 
dissociated left hypertropia at distance 
and flick of esotropia at near. There was a 
negligible refractive error. Pupillary con- 
striction to darkness was noted with rou- 
tine evaluation of the pupils. When the 
patient was last examined at age 2 years, 
the fixation pattern was central, steady, 
and maintained in each eye. Results of the 
remainder of the examination were 
unchanged. 


COMMENT 


Paradoxic pupil constriction to 
darkness is believed by some authors 
to be valuable as a localizing sign in 
retinal disorders.'? Barricks et al! 
indicated the response was age and 
sex related in their patients with 
CSNB, as it was observed in male 
children only and none of the affected 
older relatives demonstrated the phe- 
nomenon. More recently, Myers et al’ 


1. Barricks ME, Flynn JT, Kushner BJ: Para- 
doxical pupillary responses in congenital station- 
ary night blindness. Arch Ophthalmol 1977: 
95:1800-1804. 

2. Flynn JT, Kazarian E, Barricks ME: Para- 
doxical pupil in congenital achromatopsia. Int 
Ophthalmol 1981;3:91-96. 

3. Price MJ, Thompson HS, Judisch GF, et al: 
Pupillary constriction to darkness. Br J Ophthal- 
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reported the paradoxic pupillary 
response in a 35-year-old woman with 
CSNB. 

The mechanism for pupillary con- 
striction to darkness remains unclear. 
In patients with CSNB and congenital 
achromatopsia, Flynn et al? have sug- 
gested a delay in the signal from the 
unbleached rhodopsin in the rods to 
the pupillomotor gain control system; 
this could cause an initial constriction 
of the pupil mediated by the cone 
pigment signal. Others, however, have 
reported that the rod-bleaching signal 
has been shown to be normal in 
CSNB.° Myers et al’ postulated a 
model of automatic gain control in the 
rod system with reversal of the nor- 
mal rod signal. These theories do not 
provide an adequate explanation of 
the phenomenon in persons with optic 
nerve disease, in our series of patients 
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with retinal disorders of varying 
causes, or in our patients with strabis- 
mus and amblyopia. 

Our four patients with strabismus 
or amblyopia are now presumed to 
have normal retinal and optic nerve 
function. Visual acuities are at the 
expected level for age. Nystagmus is 
absent and neither photophobia nor 
nyctalopia has been observed. Elec- 
trophysiologic studies performed in 
our patients (unsedated children) 
were done with the flash ERG tech- 
nique using skin electrodes. Experi- 
ence has shown this to be a reliable 
method in detecting defects affecting 
the global retinal response’; however, 
it may lack the accuracy of the pat- 
tern-evoked ERG with contact lens 
electrodes in detecting central visual 
defects. A normal visual evoked 
response may be recorded in the pres- 
ence of functional amblyopia by this 
technique.“ Abnormal pupil re- 
sponses have been reported to occur in 
some patients with amblyopia.’* How- 
ever, these reports describe a unilat- 
eral afferent pupillary defect, which 
may indicate a defect of optic nerve 
function in the amblyopic eye. 

As reported by others, the paradox- 
ic response of pupil constriction to 
darkness was found in patients with 
CSNB and congenital achromatopsia. 
We have found this response in 
patients with congenital anomalies of 
optic nerve development (optic nerve 
coloboma and optic nerve hypoplasia), 
congenital nystagmus, retinitis pig- 
mentosa, Leber’s congenital amauro- 
sis, Best’s disease, macular dystrophy, 
and albinism, as has not been previ- 
ously reported (to our knowledge). 
There seemed to be no age or sex 
relationship, as the response was seen 
in both sexes and in visually mature 
adults and children. The presence of 
this phenomenon associated with nys- 
tagmus or clinically reduced vision 
has been associated with ocular 
abnormalities; however, its presence 
in patients without such abnormali- 
ties raises a question as to the value of 
the paradoxic pupil response to dark- 
ness as a localizing sign for either 
retinal disease or optic nerve dis- 
ease. 


its specific application in unsedated children. 
Trans Am Ophthalmol Soe 1984;82:383-446. 

7. Greenwald MJ, Folk ER: Afferent pupillary 
defects in amblyopia. J Pediatr Ophthalmol Stra- 
bismus 1983;20:63-67. 

8. Portnoy JZ, Thompson HS, Lennarson L, et 
al: Pupillary defects in amblyopia. Am J Ophthal- 
mol 1983;96:609-614. 
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Effects of Routine Pupillary Dilation on 


Functional Daylight Vision 


Patrick $ O’CGonnor, MD: Col Thomas J. Tredici, MC, USAF; James Pickett, MD; 
Barry Byrne; Capt Daniel R. Peters, MC, USAF 


@ The visual acuity of 100 patients 
between the ages of 15 and 66 years, 
seen for routine ophthalmologic examina- 
tion, was measured before and after dila- 
tion. All patients had a predilation visual 
acuity of 20 40 or better. Postdilation 
binocular visual acuity using the patients’ 
usual correction was measured first in the 
office and then outdoors, both with the 
patient’s back to and the patient facing 
the sun, with and without the aid of post- 
mydriatic sunglasses. Twelve percent 
experienced disabling photophobia even 
with the use of postmydriatic sunglasses, 
with 3% having significant objective 
visual loss defined as 20/50 or worse. No 
objective visual loss was found in 30 
controls examined outdoors before dila- 
tion, without sunglasses. We recommend 
that patients who have experienced sig- 
nificant photephobia with dilation in the 
past, or who have never before under- 
gone dilation, make arrangements for 
transportation after a dilated examina- 
tion. 

(Arch 
1569) 


Ophthalmoi 1988;106:1567- 


Although pupillary dilation is con- 
sidered part of a complete routine 
ophthalmologic examination, to our 
knowledge no study has been carried 
out to detemmine its effect on func- 
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tional daylight vision. A previous 
communication! has suggested that 
ophthalmologists could be held liable 
for injuries to both the patient and 
others if it could be established that 
an automobile accident was caused by 
visual impairment resulting from 
pupillary dilation. Most ophthalmolo- 
gists have also had occasional 
patients complain bitterly about their 
postmydriatic photophobia and/or 
decreased vision, raising the question 
of the frequency and significance of 
such complaints. 

For the purposes of this study, 
objective visual impairment was 
defined as a drop in binocular visual 
acuity to 20/50 or less based on the 
fact that this is below the legal mini- 
mum visual requirement for driving 
in many states. Subjective symptoms 
were recorded using an arbitrary 
scale of 1 (little or no discomfort) to 5 
(totally disabling discomfort). 

Our purpose, then, was to perform a 
clinical study to determine the effects 
of routine office pupillary dilation on 
objective and subjective functional 
daylight vision as defined above. 


PATIENTS AND METHODS 


Informed consent was obtained from 100 
patients seen for routine ophthalmologic 
examination after the nature of the study 
was fully explained. A complete ophthal- 
mologic examination, including a record of 
the patient’s present prescription and 
manifest refraction, was performed. 
Before dilation, visual acuity was deter- 
mined in each eye with the patient wearing 
his or her present correction, if any; this 
was repeated after dilation with both eyes 
open. Mydriasis was achieved by the instil- 
lation of two drops of 1% tropicamide and 
two drops of 2.5% phenylephrine in each 
eye. These data, as well as the patient’s 


RT ae Se 5S a ee Par 


name and any ocular disease, were entered 
on a standard study form. The patients 
were then taken outside and asked to read 
a standard Snellen acuity chart at 6 m (20 
ft), both facing the sun anc with their back 
to the sun, wearing their usual correction. 
A hand-held photographic light meter was 
used, and readings were recorded in both 


positions at patient eye level. The vision 


was remeasured with the addition of com- 
mercially available disposable postmy- 
driatic spectacles (which reduced light 
transmission to 13.2%), again facing and 
with their back to sun. Additional infor- 
mation obtained included the patient’s 
subjective impression concerning the 
amount of discomfort experienced using a 
scale of 1 to 5 (with 1 indicating little or no 
discomfort, and 5 indicating severe dis- 
comfort) both without ane with the use of 
postmydriatic sunglasses. Time of day, 
weather conditions (sunny, cloudy, over- 
cast, or clear sky), iris coler, and pupillary 
size indoors and outdoers were also record- 
ed. Thirty randomly selected controls also 
were examined in a similar manner out- 
doors before dilation. 


RESULTS 


None of the 30 patients in the con- 
trol group was objectively visually 
impaired without sunglasses. Only 
one had subjective discomfort (de- 
fined as a score of 3.or greater) facing 
the sun while 17 of 30 had discomfort 
with their back to the sun. Controls 
were not examined while wearing sun- 
glasses because none believed they 
would be unable to drive without sun- 
glasses even with their subjective dis- 
comfort. 

All patients experienced significant 
subjective discomfort in sunlight 
after dilation (defined as a score of 3 
or greater) without sunglasses (Fig 1). 


The distribution of subjective scores — 


is shown in Fig 2. Twelve percent of 
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Sunglasses 
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after dilation. 


Fig 1.—Percent of patients with significant discomfort in sunlight 


(photophobia) after dilation. 


No. of Patients 


Subjective Symptoms Graded 1 to 5 


Fig 2.—Distribution of subjective discomfort (in sunlight) scores after 
dilation. On 1 to 5 scale, 1 indicates little or no discomfort; 5, totally 


disabling discomfort. 


the patients complained of significant 
subjective discomfort even with sun- 
glasses and believed this discomfort 
would make driving difficult or 
impossible. Eighty-eight percent of 
the patients had light-colored irides. 

Thirty-two of the patients were 
objectively visually impaired (defined 
as visual acuity of 20/50 or worse 
because this is below the minimum 
level of vision required by many states 
to operate a motor vehicle) after dila- 
tion in daylight without sunglasses. 
The distribution of visual acuities is 
seen in Fig 3. Interestingly, 29% of 
the patients noted a significant objec- 
tive visual impairment with their 
back to the sun, whereas only 10% 
noticed significant visual impairment 
facing the sun without sunglasses 
(three of these patients had visual 
acuity better than 20/50 with their 
backs to the sun) (Fig 4). Three per- 
cent were objectively visually im- 
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paired after dilation even with the use 
of postmydriatic sunglasses. (Two had 
20/70 and one had 20/50 visual acu- 
ity.) Only one patient experienced sig- 
nificant- visual impairment in the 
office due to dilation alone. This 
patient was not hyperopic but had a 
moderate myopic astigmatism. Only 
one patient had a significant (+1.75) 
uncorrected hyperopia, but he still 
had a visual acuity of 20/30— follow- 
ing dilation. 

= Light meter readings varied from 
1412 foot-candles (overcast, cloudy 
day) to 10850 ft-c (bright, cloudless 
Texas sky). Logically, one would 
expect a correlation between the 
brightness of the day and patient 
symptoms, but no unequivocal associ- 
ation was found (most readings, how- 
ever, were taken under sunny condi- 
tions). Most subjects had pupillary 
diameters of 8 to 9 mm, but 11 
patients had pupils less than 6 mm in 


Without 
Sunglasses Sunglasses Sunglasses Sunglasses 





20/60 20/70 20/100 


Fig 3.—Distribution of reduced visual acuities in sunlight in patients 





Facing Sun Back to Sun Facing Sun Back to Sun 


Without With With 


Fig 4.—Percent of patients with significant visual impairment (visual 
acuity, =20/50) after dilation. 


diameter when examined in sunlight. 
Two of these patients still experienced 
objectively decreased vision without 
sunglasses. No correlation was evi- 
dent between existing ocular disease 
and visual function in sunlight in the © 
study group. We must note here, how- 
ever, that 40 of these subjects were 
healthy US Air Force pilots without 
any ocular disease and that the 
remaining abnormalities in the nonpi- 
lots were limited to amblyopia, stra- 
bismus, and dry eyes, although one 
patient had early senile macular 
degeneration. 


COMMENT 


At the outset, it should be stressed 
that the objective and subjective cri- 
teria used in this study to define func- 
tional visual disability are to some 
degree arbitrary and may or may not 
correlate directly with an individual’s 
ability to drive effectively. There are 


Pupillary Dilation—O’Connor et al 


- 


many psychological as well as physio- 
logical variables that only can be eval- 
uated by actually testing subjects 
while driving. Accepting this limita- 
tion, it is still important for the clini- 
cian to realize that routine pupillary 
dilation causes a decrement in objec- 
tive amd subjective visual perfor- 
mance. 

The patient composition of this 
study was skewed toward a healthy, 
normal population with no cases of 
significant media opacity and only 
one patient with early senile macular 
degeneration. It is possible that inclu- 
sion of patients with moderate media 
opacities may have led to a higher 
percentage of cases with significant 
visual impairment after dilation due 
to light scatter and glare. In addition, 
only ome patient with significant 
uncorreeted hyperopia was identified. 
In a less-biased subject sample, we 
would expect a greater number of 
such patients and, in turn, possibly 
more with ebjectively reduced vision. 

The presence of subjective photo- 
phobia after dilation is not surprising 
considering the fact that retinal illu- 
mination is related to the area of the 
pupil. For example, a pupil 9 mm in 
diameter would allow approximately 
20 times the retinal illumination 
afforded by a 2-mm pupil. This illumi- 
nation is redueed somewhat by the 
Stiles-Crawford effect,? but the in- 
crease in retinal illumination is still 
very signifieant. Increasing the pupil 
size at larger diameters also allows 
for a proportionally greater increase 
in retinal illumination. For instance, 
enlarging the pupil from 6 to 7 mm 
would contribute almost three times 
the additional light one would get 
from enlarging the pupil from 2 to 3 
mm. Even when the Stiles-Crawford 
effect is considered, this would result 
in an increase in retinal illumination 
by a factor of about two. Of greater 
interest was the large number of 


1. Letters to the editor. JAMA 1975;231:1086. 

2. LeGrand & Light, Colour and Vision. New 
York, John Wiley & Sons, 1957, pp 100-104. 

3. Campbell FW, Green DG: Optical and reti- 
nal factorssaffeeting visual resolution. J Physiol 
1965;181:576-593. 
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patients who noted a significant 
objective impairment after dilation in 
sunlight. Two factors may account for 
this: First, it is known that very high 
luminances cause an unexplained 
reduction in acuity** even when the 
pupil is not dilated. Second, although 
visual acuity remains approximately 
constant in the photopic range with 
pupil diameters between 2.5 and 6 
mm,°** beyond these diameters chro- 
matic and spherical aberrations begin 
to widen the point spread function 
with accompanying degradation in 
acuity.’ 

Surprisingly, we noted that the 
visual impairment was more promi- 
nent when the patients had their back 
to the sun, this being related to the 
production of glare from the acuity 
chart itself. For example, on a day 
when the ambient illuminance was 
4800 ft-c, the chart illuminance with 
the subject’s back to the sun was 3750 
ft-c, while it was only 960 ft-c when 
the subject faced the sun and the 
chart was in the shade. Most determi- 
nations were done around midday; 
therefore, the direct glare of the early 
morning sun was not experienced. 
Unfortunately, most readings were 
taken at patient eye level, and the 
importance of obtaining light read- 
ings at the chart was not appreciated 
until most subjects had already been 
examined. 

Of more concern, however, was the 
fact that 12% of the patients experi- 
enced functionally disabling subjec- 
tive symptoms due primarily to pho- 
tophobia even with the use of post- 
mydriatic sunglasses. The use of a 
subjective scale of discomfort led to 
some apparent inconsistencies, with 
17 controls rating their discomfort as 
3 or greater but still feeling capable of 
driving, while 12% of the study 
patients, even with sunglasses, rated 
their symptoms 3 or greater and 
believed this would make driving dif- 


References 


4. Wilcox WW: The basis of the dependence of 
visual acuity of illumination. Proc Natl Acad Sci 
USA 1932;18:47-56. 

5. Leibowitz H: The effect of pupil size on 
visual acuity for photometrically equated test 
fields at various levels of luminance. J Opt Soc 


ficult or impossible. It should be 
pointed out that most controls rated 
their subjective symptoms as 3, while 
most of the 12 study patients reported 
discomfort scores of 4 or greater. We 
believe the overlapin scores was prac- 
tically resolved by the patients’ sub- 
jective assessment of their ability to 
drive with this diseomfort. Three per- 
cent of patients had an objective 
decrease in visual acuity to 20/50 and 
below even with sunglasses. While 
these subjective and objective find- 
ings occurred most commonly in 
patients with light irides, they were 
also found in patients with dark- 
brown irides. As an example, two of 
the three subjects with significant 
visual loss even with sunglasses had 
green eyes and one had dark-brown 
eyes. 

If we relied on the postmydriatic 
vision in the office as an indicator of 
functional ability as defined in this 
study, only one case would be identi- 
fied of the 12 subjectively and three 
objectively affectec in sunlight wear- 
ing sunglasses. Because it cannot be 
predicted beforehand which patient 
will have difficulty either subjectively 
or objectively after dilation, all new 
patients should be warned that dila- 
tion may cause significant discomfort 
in sunlight even with sunglasses. If 
patients have experienced significant 
photophobia or decreased vision with 
dilation in the pest or have never 
before undergone dilation, we suggest, 
based on our findings, that they 
should make arrangements for trans- 
portation after routine office dilation 
or wait until recovery of pupillary 
constriction. 
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Methicillin-Resistant Staphylococcus epidermidis 


Keratitis Treated With Vancomycin 


Daniel F. Goodman, MD, John D. Gottsch, MD 


è Staphylococcus epidermidis ac- 
counts for nearly one third of all cases of 
bacterial keratitis in certain geographic 
areas. Recently, the sensitivity of this 
organism has changed dramatically so 
that nearly half of nosocomially acquired 
systemic S epidermidis infections are 
resistant to methicillin sodium, cephalo- 
sporins, and aminoglycosides. Methicillin- 
resistant and gentamicin sulfate-resis- 
tant S epidermidis causing infectious 
blepharoconjunctivitis and endophthalmi- 
tis has previously been reported. Two 
cases of methicillin- and gentamicin-resis- 
tant S epidermidis keratitis occurred that 
were treated successfully with topical 
vancomycin hydrochloride. 

(Arch Ophthalmol 1988;106:1570- 
1571) 


S taphylococcus has been reported to 
account for up to 80% of all cases 
of bacterial keratitis in certain geo- 
graphic areas, and nearly half of 
these infections are due to Staphylo- 
coccus epidermidis.’ Recently, the sen- 
sitivity of S epidermidis has changed 
dramatically so that 30% to 50% of 
nosocomially acquired systemic S epi- 
dermidis infections are resistant to 
such agents as methicillin sodium, 
cephalosporins, aminoglycosides, 
erythromycin stearate, tetracycline 
hydrochloride, and chloramphenicol.’ 
Methicillin-resistant S epidermidis as 
a cause of infectious blepharitis? and 
endophthalmitis* has previously been 
reported. Herein we report two cases 
of methicillin- and gentamicin-resis- 
tant S epidermidis keratitis treated 
successfully with topical vancomycin 
hydrochloride. 
REPORT OF CASES 

Case 1.—A 67-year-old man was struck 

in his left eye by a tree branch. He devel- 
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oped a fungal (Alternaria) corneal ulcer 
that was treated with topical natamycin, 
miconazole, amphotericin B, and oral keto- 
conazole. Despite this aggressive medical 
therapy, the corneal ulcer worsened and 
resulted in a 2-mm central corneal perfora- 
tion. Penetrating keratoplasty was per- 
formed emergently; after surgery, he was 
treated with topical gentamicin sulfate 
and prednisolone acetate. The graft 
remained clear and the eye normal until 
six weeks after surgery, when he presented 
with a red, painful eye. A loose suture was 
present, with an underlying corneal infil- 
trate and an adjacent epithelial defect (Fig 
1). The suture was removed. Cultures of 
the corneal ulcer yielded S epidermidis, 
which was resistant to methicillin and 
aminoglycosides and sensitive to both van- 
comycin hydrochloride and clindamycin 
hydrochloride. Eyelid and conjunctival cul- 
tures were negative. Topical vancomycin 
hydrochloride (50 mg/mL) every hour was 
administered, with resolution of the corne- 
al infiltrate over the next three weeks. 
CASE 2.—A 40-year-old woman who had 
worn daily-wear soft contact lenses for 
three years presented to her local ophthal- 
mologist with a two-week history of pain, 
redness, and photophobia in her left eye. 
She was noted to have a peripheral corneal 
ulcer and was treated empirically with 
topical gentamicin and bacitracin drops 
four times daily for six days. Because of 
the lack of improvement in her clinical 
course, tobramycin drops were substituted 
for the gentamicin drops on day 7, and 
neomycin-polymyxin — sulfate-bacitracin 
drops were added. This regimen was con- 
tinued for an additional ten days. The 
corneal ulcer remained refractory to this 
regimen. The patient was then referred to 
The Wilmer Institute, Baltimore, with the 
tentative diagnosis of Acanthamoeba kera- 
titis. On examination, visual acuity was 
20/20 OD and 20/25 OS. On slit-lamp 
examination, there was a 3 X 1-mm ellipti- 
cal corneal ulcer peripherally, with 50% 
stromal thinning and a surrounding infil- 
trate (Fig 2). Because of the possibility of 
Acanthamoeba keratitis, cultures of the 
corneal infiltrate on a special nonnutrient 
agar with an overlay of Escherichia coli 
and a corneal biopsy were performed; cul- 
tures on blood agar, chocolate agar, and 
Sabouraud’s medium were also taken, 
along with smears for Gram’s and periodic 
acid-Schiff stains. Results of the biopsy 
were normal for trophozoites or cysts. 
Smears showed only white blood cells. Cul- 
tures were positive for S epidermidis that 


was resistant to methicillin, gentamicin, 
and bacitracin, and sensitive to vancomy- 
cin and clindamycin. Eyelid and conjuncti- 
val cultures were negative. Vancomycin 
hydrochloride drops (50 mg/mL) were 
administered hourly, with rapid clearing 
of the infiltrate and associated epithelial 
defect over the next two weeks. 


COMMENT 


In 1898, Gifford first suggested 
that S epidermidis might be an impor- 
tant ocular pathogen. Theodore’ pre- 
sented the first case of S epidermidis 
endophthalmitis in 1964. Valenton 
and coworkers’ were able to culture S 
epidermidis from the aqueous in two 
cases of endophthalmitis following 
cataract extraction. Subsequently, 
others have noted that S epidermidis 
accounts for 40% to 50% of all cases 
of infectious endophthalmitis and an 
even higher percentage of cases fol- 
lowing surgery.® Bode et al’ reviewed 
28 cases of postoperative endophthal- 
mitis due to coagulase-negative 
Staphylococci. All patients were 
treated with therapeutic vitrectomy 
and intraocular gentamicin and a 
cephalosporin. Eight of 25 specimens 
tested were resistant to methicillin, 
six of 28 were resistant to gentamicin, 
and one was resistant to vancomycin. 
Recently, Lambert and Stern'® de- 
scribed a case of methicillin- and gen- 
tamicin-resistant S epidermidis en- 
dophthalmitis following secondary 
anterior chamber intraocular lens 
implantation. The infection was man- 
aged successfully by pars plana vitrec- 
tomy, with subconjunctival and topi- 
cal vancomycin; the intraocular lens 
was retained. Subsequently, Smith 
and coworkers” have demonstrated 
the safety and efficacy of intravit- 
real vancomycin in the treatment 
of experimental methicillin-resistant 
S epidermidis endophthalmitis in rab- 
bits. 

Valenton and Okumoto’ showed 
experimentally that bacteria-free fil- 
trates of cultures of S epidermidis 
could produce a severe toxicogenic 
conjunctivitis when injected subcon- 
junctivally in rabbits. Khan and 
coworkers’ presented two cases of 
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Fig 1.—Case 1. Corneal ulcer, left eye. Note large central epithelial defect and adjacent infiltrate 
at graft-host junction temporally. Loose suture at site of infiltrate has been removed. 





Fig 2.—Case 2. Peripheral corneal ulcer, left eye. Note stromal thinning and infiltrate near 
limbus. 


blepharitis that occurred in hospital- 
ized patients due to methicillin-resis- 
tant strains of S epidermidis. These 
strains both demonstrated cross- 
resistance to cephalosporins, despite 
apparent sensitivity on Kirby-Bauer 
disk sensitiwty testing. Topical vanco- 
mycin has been used successfully to 
treat methicillin-resistant S epider- 
midis blephareconjunetivitis." 
Staphylococeus epidermidis was 
first reported as a pathogen in corneal 
ulcers by Khosla and coworkers" in 
1963. Mahajan and coworkers’ were 
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able to produce corneal ulcers in rab- 
bits by injecting S epidermidis into 
the corneal stroma. To our knowledge, 
this is the first report of a methicillin- 
resistant S epidermidis corneal ulcer. 
As in infectious blepharoconjunctiv- 
itis and endophthalmitis, this infec- 
tion responded to vancomycin. Pflug- 
felder and coworkers'® have found 
that the interaction between vanco- 
mycin and gentamicin on gram-posi- 
tive endophthalmitis isolates was 
additive or synergistic, depending on 
the bacterial species. Currently, it is 
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still wise to reserve vancomycin 
administration for the treatment of 
corneal ulcers where cultures and sen- 
sitivities demonstrate methicillin- 
and gentamicin-resistant gram-posi- 
tive organisms. As in our two cases, 
initial treatment with antibiotics may 
select strains that demonstrate resis- 
tance to numerous antibiotics. How- 
ever, as in the treatment of bacterial 
endophthalmitis, it may become nec- 
essary to substitute vancomycin for a 
cephalosporin if mcreasing numbers 
of resistant isolates appear. 
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Corneal Decompensation After Argon Laser Iridectomy 


Arthur L. Schwartz, MD; Neil F. Martin, MD; Paul A. Weber, MD 


@ Five eyes of three patients devel- 
oped generalized corneal decompensa- 
tion after undergoing argon laser iridecto- 
my for angle closure glaucoma. Factors 
possibly associated with corneal decom- 
pensation include episodes of angle clo- 
sure glaucoma with pressure elevations 
and inflammation, corneal guttate, diabe- 
tes, and the need for multiple treatments 
requiring a high-laser energy. It is impor- 
tant for ophthalmologists to inform their 
patients of the rare risk of developing 
bullous keratopathy after argon laser iri- 
dectomy and to consider obtaining pre- 
laser specular microscopy to document 
the corneal status in high-risk patients. 

(Arch Ophthalmol 1988;106:1572- 
1574) 


puie the last decade, argon laser 
iridectomy (ALI) has replaced 
surgical iridectomy as the procedure 
of choice for the management of nar- 
row angle glaucoma. Complications 
reported with ALI have included in- 
traocular pressure elevation, iritis, 
posterior synechiae, hemorrhage, clo- 
sure of iridectomy, lens opacity, cor- 
neal epithelial and endothelial burns, 
pupillary distortion, and hypopyon.'” 
Moreover, many eye residents have 
not had the opportunity to learn how 
to perform a surgical iridectomy. 
Pollack? described the long-term 
follow-up of one patient who devel- 
oped localized corneal edema anterior 
to the laser iridectomy site. Edema 
gradually spread to involve an entire 
quadrant overlying the treated iris 
eight years after treatment.’ During 
the last two years we have had the 
opportunity to evaluate five eyes of 
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three patients who developed general- 
ized corneal decompensation after 
undergoing ALI. Two of these eyes 
have undergone corneal transplanta- 
tion. It is important to report corneal 
edema after ALI to alert ophthalmol- 
ogists to this rare, but significant 
complication. 


SUBJECTS AND METHODS 


Five eyes of three patients with primary 
angle closure glaucoma who underwent 
ALI are the subjects of the present analy- 
sis. 


REPORT OF CASES 


Case 1.—A 63-year-old woman presented 
for routine eye examination in August 
1980, with intraocular pressures of 29 mm 
Hg OD and 21 mm Hg OS. Her uncorrected 
acuity was 20/25 in each eye. Gonioscopy 
revealed a slitlike filtration angle in the 
right eye and a grade 1 to 2 angle in her left 
eye. She underwent ALI in her right eye on 
Sept 23, 1980, for asymmetric intraocular 
pressures and angle appearance. She had a 
thick, brown iris with coal-slag appear- 
ance. A small iridectomy opening was 
achieved using 473 pulses, totaling 37.8 J. 
Treatment parameters were a 50-um spot 
size, 0.10-s duration, and 800 mW per pulse. 
The procedure was performed using an 
argon laser (Coherent 800) with an articu- 
lated-arm delivery system without an 
Abraham iridectomy lens. 

The iridectomy closed and a second 
treatment was performed on Oct 21, 1980, 
using an additional 157 pulses and 13.5 J. 
One week later the iridectomy was patent 
and her intraocular pressures were 19 mm 
Hg OU. The patient was unavailable for 
follow-up. When she returned four months 
later, the iridectomy had closed and a third 
treatment using 209 applications totaling 
37.6 J was required. In 1982, her iridectomy 
was patent and her cornea was clear. Gon- 
ioscopy showed a few scattered peripheral 
anterior synechiae (PAS). In October 1984, 
her visual acuity was 20/20 OU. However, 
there was focal corneal edema overlying 
the iridectomy site. In May 1985, an ALI 
was performed in the left eye for creeping 
angle closure glaucoma. A total of 102 
applications and 8.2 J were used. An Abra- 


ham iridectomy lens and a laser with a 
fiberoptic delivery system (Coherent 900) 
were employed. 

Postiridectomy gonioscopy in her left 
eye showed scattered PAS above and 
below. Specular microscopy in the left eye 
six days after the laser iridectomy showed 
a count of 1438 cells/mm,’ with a central 
corneal thickness of 0.52 mm. The expected 
count for a patient her age is 2550 cells/ 
mm’. Cell morphological findings showed 
slight variations in size and shape. 

In November 1985, the visual acuity was 
reduced to 20/100 OD. In April 1986, she 
presented with a foreign-body sensation 
and bullous keratopathy. She was treated 
with a bandage contact lens. In November 
1986, her visual acuity was reduced to 
5/100 OD with a bandage contact lens in 
place. The left eye maintained a clear 
cornea with 20/30 visual acuity. 

In June 1987, her visual acuity was 
reduced to 5/400 OD and she was scheduled 
for penetrating keratoplasty. Preoperative 
blood glucose levels were 16.7 mmol/L, and 
surgery was cancelled. Additional medical 
problems have delayed corneal transplan- 
tation. 

CASE 2.—A 74-year-old woman developed 
chronic angle closure glaucoma associated 
with increasing cataracts. On Feb 20, 1982, 
two areas in the superior nasal quadrant of 
the left iris were treated with 95 applica- 
tions, 50- and 100-um spot sizes, 0.10- and 
0.20-s duration, and a power range from 
600 to 1000 mW. A total of 10.4 J was used, 
but a patent iridectomy was not achieved. 
The referring ophthalmologist repeated 
the treatment in the left eye six days later 
in three different areas. A total of 300 
applications using 0.10-s duration, 50-um 
spot sizes, and a power range varying from 
600 to 800 mW was employed. A total of 
25.4 J was used but a patent iridectomy 
was not accomplished. 

The patient was seen by one of us 
(A.L.S.) in consultation on March 1, 1982. 
She was using 2% pilocarpine hydrochlo- 
ride four times a day, and 1.0% predniso- 
lone acetate suspension in her left eye, and 
receiving 500-mg sequels of acetazolamide 
two times daily. She was diabetic, hyper- 
tensive, and had significant heart disease 
and peripheral vascular disease. Her visual 
acuity was corrected to 20/50 OD and 
20/100 OS; she was 3.5 diopters hyperopic 
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in each eye. Her intraocular pressures 
were 21 mm Hg OD and 22 mm Hg OS. 
Slit-lamp examination in the left eye 
showed a coal-slag colored iris at the sites 
of previous laser surgery, with no open 
iridectomy. The iris was touching the 
peripheral cornea temporally. Gonioscopy 
in the right eye showed small areas of 
angie closure. 

The left eye was treated for a third time 
with 190 applications, @.20-s duration, 50- 
am spot size, and 700 mW. A total of 26.6 J 
was used, and a small, patent iridectomy 
was achieved that has remained open. Her 
intraocular pressure the next day was 14 
mm Hg, and her cornea had 1 to 2+ striae. 
Postiridectomy gonioscopy revealed scat- 
tered PAS. 

The right eye underwent an uncompli- 
cated ALI on March 22, 1982. A total of 56 
applications were made in the superior 
nasal quadrant using 0.20-s duration, a 
50-«m spot size, and 650 mW; an iridecto- 
my was easily.achieved with a total of 7.3 J. 
On May 6, 1982. her visual acuity was 20/40 
OD and 20/30 OS. She was receiving no 
glaucoma medicine and her intraocular 
pressures were 20 mm Hg OD and 21 mm 
Hg OS. Slit-lamp examination showed 
patent iridectomies in both eyes and her 
corneas were clear. 

The patient returned to her referring 
ophthalmologist and, in November 1982, he 
reported thatthe superior nasal quadrant 
of the left eornea was becoming edema- 
tous. When reexamined in February 1983, 
her visual acuity in the left eye was 
reduced to counting fingers at 0.6 m, and 
there were bullous changes with a patent 
iridectomy and an intraocular pressure of 
16 mm Hg. Cataracts were present in both 
eyes. 

Fifteen months later, specular microsco- 
py revealed a eell count ef 751 cells/mm? in 
the right eye, with a normal age-corrected 
count being 2400 cells/mm?, and a corneal 
thickness of 0.55 mm. The right eye had 
received a total of only 7.3 J. 

In March 1984, her visual acuity was 
reduced to counting fingers at 0.6 m (2 ft) 
in the left eye, with diffuse bullous kera- 
topathy present. Because of the patient’s 
multiple medieal problems, including two 
coronary artery bypass graft procedures, a 
leg amputation, diabetes, and hyperten- 
sion, corneal transplantation was not rec- 
ommended inthe left eye. The visual acuity 
remained 20/70 OD. 

In February 1986, four years after laser 
surgery, the right cornea had striae in 
Descemet’s membrane over the iridectomy. 
During the next month the corneal decom- 
pensation pregressed centrally and visual 
acuity decreased to 20/80 OD. Potential 
visual acuity as recorded with a potential 
acuity meter (Mentor) was 20/50 OD. Her 
right disc had a 0.30 cup-dise ratio and a 
full Goldmann field. There was no view of 
the left fundus. By November 1986, corneal 
edema had pregressed through the visual 
axis and visual acuity was reduced to 20/ 
200 im her better-seeing right eye. In Jan- 
uary 1987, visual acuity was 5/400 OD. In 
February 1987, a penetrating keratoplasty 
with extracapsular cataract extraction and 
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implantation of posterior chamber lens 
was performed in her right eye. Six months 
after keratoplasty she had a clear corneal 
graft and corrected visual acuity of 20/40 
OD. 

CasE 3.—An 80-year-old woman was 
seen on June 11, 1986, with a history of 
acute angle closure glaucoma attacks in 
both eyes in 1967. Since 1967, she had been 
treated with 4% pilocarpine hydrochlo- 
ride, four times daily in both eyes. 

Her visual acuity corrected to 20/80 OD 
and 20/200 OS. The anterior chambers were 
narrow and both eyes had areas of iris atro- 
phy and dense brunescent cataracts. The in- 
traocular pressures were 23 mm Hg OD and 
25 mm Hg OS. Gonioscopy in the right eye 
revealed the superior part of the angle 
closed, with the rest of the angle being slit 
to grade 1. The left eye had 90° closure su- 
periorly, and was slit elsewhere. 

Argon laser iridectomy was performed 
in the left eye. Thirty-five applications 
were made with a 50-um spot size, 0.05-s 
duration, and 1000 mW. Forty-six applica- 
tions were applied at 0.20-s duration and 
800 mW, using a total of 2.5 J. The right eye 
underwent ALI on July 10, 1986, using a 
50-um spot size, 0.05-s duration, 1000 mW, 
with 32 applications; an additional 61 
applications were made at 0.20-s duration 
and 800 mW. A 50-um spot size was used. 

Gonioscopy after ALI in the left eye 
revealed low PAS to the posterior mesh- 
work and the right eye had an open angle 
everywhere, except for PAS to the trabecu- 
lar meshwork. 

The iridectomy in the right eye was 
closed at one week and it was reopened 
with a 50-um spot size, 0.20-s duration, 800 
mW, and five laser applications, with no 
acute pressure rise. A total of 2.92 J was 
applied to the right eye. 

After surgery, the patient was treated 
with 0.1% topical dexamethasone sodium 
phosphate, four times daily for one week, 
and twice daily for the second week. 
Intraocular pressures were 24 mm Hg OD 
and 27 mm Hg OS on a regimen of 4% 
pilocarpine hydrochloride four times daily. 
In addition, treatment with 0.25% timolol 
maleate, two times daily, was started and 
this reduced the intraocular pressures to 
the high teens. 

One month later, the referring physician 
noted sectorial corneal edema in the quad- 
rant overlying the laser iridotomies in 
both eyes. Initially vision was stable, but 
over the next six months the visual acuity 
was affected and the patient was referred 
back. 

On April 15, 1987, the patient was receiv- 
ing 2% sodium chloride twice daily, 4% 
pilocarpine four times daily, and 0.5% 
betaxolol hydrochloride two times daily. 
Visual acuity was reduced to counting fin- 
gers in each eye. Slit-lamp examination 
revealed epithelial and stromal corneal 
edema of the temporal half of both corne- 
as, with the laser iridotomies located in the 
supratemporal quadrant of each eye. Opti- 
cal pachymetry showed corneal thickness 
of 0.73 mm centrally OD and 0.81 mm OS. 
Both iridotomies were patent and the 
lenses showed dense brunescence. Intra- 
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ocular pressures were 17 mm Hg and 19 
mm Hg, and the fundi still were not visi- 
ble. 

The patient underwent a penetrating 
keratoplasty and an extracapsular cata- 
ract extraction with a posterior chamber 
intraocular lens implant in the left eye. 

When last seen on Oct 20, 1987, three 
months after surgery, her visual acuity 
was 20/40 OS, with a clear graft, and an 
intraocular pressure of 25 mm Hg, on a 
regimen of prednisolone acetate four times 
daily, 4% pilocarpine four times daily, and 
0.5% betaxolol hydrochloride every 12 
hours. 

Visual fields were performed with the 
OCTOPUS, program 34, on June 11, 1986, 
and revealed overall depression in both 
eyes, with no charaeteristic glaucomatous 
defects. 

COMMENT 


Argon laser iridectomy has revolu- 
tionalized the surgical management of 
narrow angle glaucoma and has 
enjoyed an excellent risk-benefit 
ratio. Most complications previously 
reported have been minor and have 
not usually affected visual function. 

Investigators have looked for corne- 
al changes after ALI in both animals 
and patients. Hirst et al* performed 
ALI in monkeys and studied the cor- 
neal endothelium with specular 
microscopy, and subsequently the 
enucleated eyes were studied with 
electron microscopy. There was mini- 
mal endothelial damage and no signif- 
icant change in endothelial cell densi- 
ty after either treatment. 

Thoming et al and Panek and 
coworkers’ each studied 14 eyes 
undergoing ALI and performed preop- 
erative and postoperative corneal 
endothelial cell counts. They found no 
significant differences between preop- 
erative and postoperative measure- 
ments of endothelial cell counts or 
morphologic findings in any area. 
These results differ from the report of 
Hong et al,’ who found a significant 
increase in endothelial cell size fol- 
lowing ALI. 

Smith and Whitted* performed 
specular microscopy in 28 eyes after 
ALI and found a mean decrease in 
central corneal endothelial density 
after treatment of 125 cells/mm? 
which was not statistically signifi- 
cant.’ However, they recognized that 
peripheral endothelial counts over the 
area treated would be more meaning- 
ful. One patient had preexisting 
Fuchs’ endothelial dystrophy and 
developed acute angle closure glauco- 
ma. The attack was treated medically 
and subsequently ALI was performed. 
The preoperative endothelial cell 
count was 1433 celis/mm27; after laser 
iridectomy the cell count was 612 
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cells/mm?. This decrease of 821 cells/ 
mm? occurred within ten weeks of 
photocoagulation. 

Bigar and Witmer’ described 20 
patients with acute angle closure 
glaucoma who were examined before 
surgical treatment, with a mean endo- 
thelial cell count in the affected eye of 
1534 cells/mm? and 2243 cells/mm? in 
the nonaffected eye. The amount of 
cell loss correlated with the duration 
of intraocular pressure increase. Thir- 
ty-five percent (7/20) of these patients 
presented with bilateral cornea gut- 
tate. The risk factors for developing 
corneal edema are not fully known but 
the combination of underlying corneal 
guttate combined with an episode of 
angle closure glaucoma seems to sig- 
nificantly reduce endothelial cell 
counts, thus increasing the risk of 
possible late corneal decompensation. 

Schultz et al studied patients with 
type II adult-onset diabetes. While 
cell densities did not show differences 
from age-matched controls, there 
were significant differences in cell 
pattern, and marked variation in cell 
size and shape. If a diabetic patient’s 
eye was to suffer an acute attack of 
glaucoma and need a laser iridectomy, 
these morphological changes might be 
important and sensitive indicators of 
a compromised corneal endothelium 
and make for a greater risk for corne- 
al decompensation. 

All three of our patients appeared 
to have preexisting corneal problems 
that predisposed them to eventual 
corneal decompensation. Patient 1 
had corneal decompensation only of 
the right eye, which required three 
laser treatments and a total of 88.9 J. 
The argon laser used in 1980 had an 
articulated-arm delivery system and 
an Abraham iridectomy lens was not 
used. Improved contact lenses and 
lasers have reduced the amount of 
laser energy required and the need for 
multiple treatments. The patient’s 
left cornea was treated in 1985 and 
had no sign of edema, but an endothe- 
lial cell count performed six days 
after her laser iridectomy revealed a 
significantly decreased count of 1438 


1. Quigley HA: Long-term follow-up of laser 
iridotomy. Ophthalmology 1981;88:218-224. 

2. Schwartz AL: Laser surgery in glaucoma, in 
Duane TD (ed): Clinical Ophthalmology. Phila- 
delphia, Harper & Row Publishers Inc, 1983, pp 
1-16. 

3. Pollack IP: Current concepts in laser irid- 
otomy. Int Ophthalmol Clin 1984;24:153-180. 

4. Hirst LW, Robin AL, Sherman S, et al: 
Corneal endothelial changes after argon-laser 
iridotomy and panretinal photocoagulation. Am 
J Ophthalmol 1982;93:473-481. 

5. Thoming C, Van Buskirk EM, Samples JR: 
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cells/mm.* She was discovered to be 
diabetic in 1987. 

Patient 2 was diabetic and had 
chronic angle closure glaucoma with 
episodes of intraocular pressure ele- 
vations and iritis. Additionally, her 
left eye was complicated by the need 
for three laser iridectomy sessions, 
using a total of 62.4 J. Six days after 
an uneventful laser iridectomy, using 
only 7.5 J, her right eye had an endo- 
thelial count of only 751 cells/mm.’ 
This patient had underlying corneal 
disease and a very decreased pretreat- 
ment endothelial cell count. 

Patient 3, an 80-year-old woman, 
had chronic angle closure glaucoma 
with elevated pressures for many 
years. She also had patchy iris atro- 
phy, suggesting at least one prior epi- 
sode of acute angle closure glaucoma in 
each eye. She received only 2.5 J OS 
and 2.9 J OD, but both eyes had secto- 
rial corneal edema within three 
months of treatment. Unfortunately 
we do not have pretreatment or post- 
treatment endothelial cell counts to in- 
dicate how severely compromised her 
endothelium was before she developed 
corneal decompensation. However, the 
decompensation occurred with mini- 
mal energy and no surgical complica- 
tions, indicating that she must have 
had severe preexisting corneal disease. 

While corneal decompensation 
rarely occurs after ALI, the finding of 
corneal decompensation in five eyes of 
three patients after ALI makes it 
important for ophthalmologists to be 
alert to this potential complication. 

The wide acceptance of ALI during 
the last eight years suggests that, 
with increased follow-up, many more 
eyes may develop corneal decompen- 
sation. There are patients who devel- 
op permanent corneal edema after 
angle closure glaucoma treated by 
medical therapy or with a surgical 
iridectomy. However the course in our 
patients is more consistent with a role 
for the ALI. Therefore, it is important 
to counsel patients about the rare risk 
of corneal decompensation associated 
with ALI. It was not until six years 
after ALI that visual function was 
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affected in patient 1, while patient 3 
developed bilateral sectorial corneal 
edema only three months after laser 
surgery. 

The physician may consider obtain- 
ing endothelial cell counts in patients 
with the suggested risk factors of 
significant corneal guttate, diabetes, 
or episodes of acute or chronic angle 
closure glaucoma associated with 
pressure elevations and inflamma- 
tion. While these factors in varying 
combinations were present in some of 
our patients, many more cases will be 
necessary before a direct association 
between these risk factors and the 
possible development of corneal 
decompensation can be made. By doc- 
umenting the cell counts, one may be 
able to advise patients as to their risk 
of corneal decompensation. 

Using the YAG laser for iridecto- 
mies does not eliminate potential cor- 
neal risk. Martin et al” have demon- 
strated in Rhesus monkeys that 
Q-switched YAG lasers may cause 
localized endothelial damage if used 
sufficiently close to the corneal endo- 
thelium. While distances are adequate 
for endothelial protection while per- 
forming YAG laser capsulotomy, such 
may not always be the case in YAG 
laser iridectomies where the iris may 
be very close to the corneal endotheli- 
um. The use of the YAG laser iridecto- 
my is still in its infancy, and its role is 
still to be determined. It is a more 
powerful tool, with an increased risk 
of bleeding and possible lens capsule 
rupture. 

Now, ALI is more commonly per- 
formed than YAG laser iridectomy 
and enjoys an excellent risk-benefit 
ratio in appropriately selected pa- 
tients. However, seme patients who 
have been treated over the last eight 
years may subsequently develop cor- 
neal edema as a late complication. 
Whether patients who have underly- 
ing corneal disease might better be 
served by having a YAG laser iridec- 
tomy rather than an ALI will have to 
be studied in a prespective random- 
ized method if this valuable informa- 
tion is to be obtained. 
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Pseudophakic Bullous Keratopathy With 


Intermedics Model 024 (Hessburg) 


Anterior Chamber Intraocular Lenses 


Jeel Sugar, MD; Stephen P. Wiet, MD; David M. Meisler, MD 


@ We report the development of pseu- 
dophakic bullous keratopathy in 18 eyes 
following implantation of Pharmacia Inter- 
medics Ophthaimics model 024 (Hess- 
burg) anterior chamber intraocular 
lenses. Eight of these intraocular lenses 
were implanted during uncomplicated 
intracapsular cataract extractions. Mean 
onset of corneal edema was 21.4 months 
after lens implantation. Patients with this 
type of lens already implanted in their 
eyes require clese follow-up for complica- 
tions. 

(Arch Ophthalmol 
1578) 


1988; 106: 1575- 


n 1981, the Pharmacia Intermedics 

Ophthalmies mode! 024 (Hessburg) 
anterior chamber intraocular lens 
(AC IOL) was introduced as an all- 
polymethylmethacrylate, semiflexi- 
ble, closed-loep, small-diameter AC 
IOL.' It wasome of the many similarly 
designed AC lenses that began to be 
used clinically in the late 1970s. 
Despite apparent safety following 
core studies, untoward complications 
became apparent. Most of these com- 
plications seemed to occur after the 
standard one-year postoperative fol- 
low-up time of the core studies and 
seemed to be related to inherent 
design defects. Severa! closed-loop AC 
IOLs were subsequently removed 
from the market because of complica- 
tions, such as pseudephakic bullous 
keratopathy (PBK), anterior uveitis, 
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glaucoma, and cystoid macular ede- 
ma. Several authors have recom- 
mended discontinuation of their use 
or total recall of similar designs.'* 

A review of the literature revealed 
only one report alluding to complica- 
tions associated with the model 024 
IOL; Apple et al' accessioned 30 Hess- 
burg lenses among 606 AC lenses seen 
in their pathology laboratory after 
IOL removal or in enucleated speci- 
mens. 

In this study, we reviewed 18 cases 
in which Hessburg AC IOLs were 
associated with PBK. Ophthalmolo- 
gists should be alert to this complica- 


tion and add this lens to the list of 
closed-loop AC lenses associated with 
delayed-onset postoperative prob- 
lems. 


PATIENTS AND METHODS 


Eighteen eyes from 16 patients (six men 
and ten women) with Pharmacia Inter- 
medics Ophthalmics model 024 (Hessburg) 
AC IOLs were examined by two of us in the 
Cornea and Externa! Disease services at 
either the University of Illinois at Chicago 
Eye and Ear Infirmary (J.S.) or The Cleve- 
land Clinic Foundation (D.M.M.). They 
were evaluated and treated for PBK from 
January 1980 through October 1987 (Fig- 
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Pharmacia Intermedics Ophthalmics model 024 (Hessburg) intraocular lens in eye with pseudo- 


phakic bullous keratopathy. 
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Age, y/sex/eye 77/F/OD 68/M/OS 76/F/OS 77/F/OD 62/M/OS 66/F/OS 77/F/OD 77/F/OS 68/M/OD 
Cataract 
Preoperative 
Corneal disease None 7 Periph scar Fuchs’ Fuchs’ Ten Per 
Glaucoma Yes No No No No No Ang clos No No 
PSHx ECCE Strabis PI 1979 OU 
Va 20/100 20/80 20/60 20/400 20/200 20/200 20/400 20/400 20/400 
Operative | l 
Age, y/date 75/4-82 64/3-82  73/1-84 74/1-84 59/8-83 65/3-84 77/2-84 74/4-84 62/5-81 
1272° 1° 2° 1° 1° 1° 1° 1° 1° 1° 
ECCE/ICCE ECCE ICCE ICCE ECCE ECCE ECCE ECCE ECCE 
1/O comps PC rupt None None None PC rupt None PC rupt None PC rupt 
w/ant vitr w/ant vitr w/ant vitr w/ant vitr 
Postopera operative . 3 
Best Va 20/50 20/20 20/15 20/60 20/25 20/50 20/100 20/30 20/40 
F/U time, mo 28 24 35 39 30 12 4 28 67 
Time to edema, mo 10 24 26 34 23 6 10t 31 60 
Uveitis Tr EY Yes Yes Yes Yes 
CME Yes Yes Yes Yes 
Glaucoma Yes 
Final Va 
* Periph scar indicates peripheral scar; Fuchs’, Fuchs’ endothelia! dystrophy; ang clos, angle closure; PSHx, past ocular surgery; Va, visual acuity; 1°/2°, 
primary/secondary; ECCE/ICCE, extracapsular cataract extraction/intracapsula” cataract extraction; I/O comps, intraocular complications; PC rupt, posterior 
capsule rupture; w/ant vitr, with anterior vitrectomy; F/U time, follow-up time; CF, counting fingers; PI, peripheral iridectomy; strabis, strabismus surgery; PPD, 
posterior polymorphus dystrophy; Disloc PC IOL, dislocated posterior chamber intraocular lens; Trabec, trabeculectomy; w/AC IOC, with anterior chamber intraocular 
lens; CME, cystoid macular edema; and LP, light perception. 
ure). Circumstances surrounding the sule, requiring an anterior vitrecto- synechial tunnel, and bringing the 
implantation of the model 024 AC IOL, risk my. The remaining four secondary IOL out through the keratoplasty 
factors for the development of,‘ and clini- implants were uncomplicated. Of the opening. A posterior chamber IOL 
cal course before and after penetrating 13 primary implants (72%), five was sutured into place behind the iris 
keratoplasty (PK) were evaluated. In addi- 38% ) Rented h t f Byr f th I (pa- 
tion to performing a retrospective review (38% WES Cran psenee OY Shere psig Che eyes. 1N: ON SJEAS 
of the medical charts, we contacted the the posterior capsule, requiring ante- tient 6), the lens was left in place. 
original surgeons or referring ophthalmol- rior vitrectomy. The remaining eight Vitrectomies were required in seven 
ogists to complete historical information. primary implants (62%) were uncom- of ten cases. Complications at surgery 
plicated procedures. included diffuse hemorrhaging in, 
RESULTS The best visual acuity for all lens- three eyes. There were no incidents of 
A summary of the results is shown implanted eyes ranged from 20/15 to  iridodialysis or early postoperative 
in Table 1. Of the 18 eyes implanted 20/100 (mean, 20/40). Complications increase in intraocular pressure. 
with the model 024 AC IOL, nine other than PBK occurred in 14 (78%) The mean follow-up period after PK 
(50% ) had a previously diagnosed ocu- of the 18 eyes and included eight was 12.4 months, with a range of two 
lar pathologic condition: three (17%) (44%) with cystoid macular edema, to 38 months. Best visual acuity after 
with Fuchs’ endothelial dystrophy, two (11%) with elevated intraocular PK ranged from 20/30 to 20/400 
three (17% ) with well-controlled open pressure, and seven (39%) with uve- (mean, 20/200). Thirty-three percent 
angle glaucoma, one (6%) with a his- itis. The mean time from implant to had acuity better than 20/100. Com- 
tory of narrow angle glaucoma, one initial diagnosis of PBK was 21.4 plications during the follow-up period 
(6%) with posterior polymorphous months, with a range of ten days to included two cases of graft rejection, 
corneal dystrophy, and one (6%) with five years. The average follow-up peri- one requiring a second graft, and one 
a stromal corneal scar from previous od after implantation was 31.6 case of endophthalmitis requiring 
trauma. Eight (44%) had a history of | months, ranging from four to 67 _ evisceration. 
previous ocular surgery, including the months. 
following: one peripheral iridectomy, Penetrating keratoplasties were COMMENT 
one trabeculectomy, one strabismus performed on ten (55%) of the eyes Since its introduction in the late 
surgery, and five cataract extractions. (from five men and four women) (Ta- 1970s,’ the semiflexible, closed-loop 
The preimplant visual acuity ranged ble 2). Visual acuity before grafting AC IOL has received a great deal of 
from 20/60 to light perception (mean, ranged from 20/100 to perception of attention because of late complica- 
20/200). hand motions. The mean age at the tions associated with its use. In an © 
time of PK was 70.3 years (range, 55to analysis of semiflexible, closed-loop ¥ 


The mean age at implantation was 
69.1 years, ranging from 51 to 82 
years. Five eyes (28% ) had secondary 
implants of which one was compli- 
cated by rupture of the posterior cap- 
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77 years). At keratoplasty, nine Hess- 
burg IOLs were removed by cutting 
the cocooned, closed-loop haptics, slid- 
ing the encased portion through the 


AC IOLs, Reidy et al’ reviewed 44 
cases in which this type of IOL had to 
be removed. The most common indica- 
tions for removal were PBK, anterior 
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Patient Data Summary +5 


-= = 


55/M/OS 68 'M/OS 73/F/OD 

PPD ca 

No No Yes 

Disloc PC ECCE/AC 

IOL IOL 

LP 20/70 20/60 

51/6-83 82. 9-83 70/7-84 

2° 2° w/AC IOL laa 

ICCE Removal ICCE 

None None None 

20/30 20-40 20/20 

40 21 33 

5 12 33 

s Yes Yes 
Yes Yes 

ORY pe Yes 
20/200 20/200 





Preoperative 
Va CF at 240 
cm 


* HM indicates hand motions; Va, visual acuity; CF, counting fingers; PK, penetrating keratoplasty; 
repl, intraocular lens replaced; I/O comps, intraoperative complications; Hemor, hemorrhage; CME, 


uveitis, cystoid macular edema, and 
glaucoma. The lenses were in situ for 
a median of 13.5 months, with a range 
from less than one month to 60 
months. In another series, Smith et al? 
reviewed the courses of 52 patients (53 
eyes) with the same basic lens design. 
Of their patients, 34 (64%) required 
some type af surgical intervention due 
to complications directly related to 
the IOL design. The interval between 
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20/100 





10 11 12 13 14 15 16 17 18 


62/F/OD 62/F/OS 75/F/OD 
No No No 
ICCE w/CL 
20/70 20/400 20/100 
59/6-83 60/7-84 73/ 10-82 
rd +" i 
rT ICCE ICCE 
PC rupt None None 
w/ant vitr 
20/20 20/50 20/20 
52 39 20 
36 31 20 
Yes Yes 
20/200 20/100 CF at 300 
cm 


Table 2.—Keratoplasty Results * 


Patient 


CF at 300 
cm 


20/200 HM 


77 /4-B4 68/6-86 76/6-86 77/4-87 62/2-86 66/10-85 77/8-84 
Procedure PK, IOL PK, IOL PK, IOL PK, IOL PK, !OL PK, IOL PK, IOL 
rem, ant rem, ant rem, ant repli, ant repl, retained rem 
vitr vitr vitr vitr ant 
vitr 
1/O comps None Extensive None None None None None 
bleeding 
Best Va 20/400 20/70 20/30 20/100 20/400 20/80 20/200 
‘(CME 
F/Utime,mo 38 8 16 6 20 24 15 
Current Clear graft Reject Clear graft Clear graft Clear Reject, Clear 
w/clear graft diffuse craft 
regraft edema 





implantation and initial diagnosis of 
PBK, iritis, or cystoid macular edema 
averaged 15 months and ranged from 
one to 51 months. Their conclusion 
was that the use af this lens design 
should be discontinued because of “in- 
tractable inflammatory sequelae.” 
The objective of this article is to 
document the development of PBK 
and other complications associated 
with the model 024 lens that were not 





76/F/OD 75/Fx OD 77/F/OS 
iioi Fuchs’ 
No Yes No 
Trabec ICCE OD 
20/200 20/200 CF 
76/3-85 72/583 77/12-83 
1° = 1? 
ECCE ICCE ECCE 
PC rupt PC rupt None 
w/ant vitr w/ant vitr 
20/40 20/38 20/30 
31 26 35 
2 18 10 
Yes 
Yes Yes 
ye Yes ae 
CF at 120 20/200 20/200 
cm 






20/200 CF at 90 cm 3/600 

















55 / 2-87 






















77/3-87 68/3-87 
PK, IOL PK, IOL rem, PK, IOL rem, 
rem ant vitr ant vitr 
Hemor Hemor None 
20/400 20/400 20/30 
2 1 6 
Clear Eviscerated 2° Clear graft 
graft to endoph= 
thalmitis 






IOL rem, intraocular lens removed; ant vitr, anterior vitrectomy; IOL 
cystoid macular edema; w/, with; and'F/U, follow-up. 


previously reported. In our series of 18 
eyes, the mean time to onset of corne- 
al edema was 214 months, with a 
range of ten days to 60 months. Simi- 
larly, as noted in studies of other 
closed-loop AC IOLs, the sequelae in 
many patients became evident long 
after the standard 12-month follow- 
up period in core studies had 
elapsed. 

The cause of corneal decompensa- 
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tion associated with closed-loop AC 
IOLs may be attributed to many fac- 
tors. These include endothelial trau- 
ma on insertion or malpositioning, 
resulting in IOL-endothelial apposi- 
tion. They also include optic endothe- 
lial touch, which may be related to the 
“vault” of the IOL. When compared 
with other closed-loop AC IOLs, the 
model 024 has a “resting anterior 
vault” greater than most.‘ This vault- 
ed appearance was clinically evident 
in many of our patients. Perhaps addi- 
tional pressure on the globe, which 
may occur on eye rubbing or inadver- 
tently during sleep, may lead to ante- 
rior optic displacement and intermit- 
tent optic endothelial contact. Five 
grams of force on the haptics of the 
Hessburg IOL accentuated the vault 
more than in most of the other AC 
IOLs tested.° A study of the endotheli- 
al effects of model 024 lenses three 
years after implantation demonstrat- 
ed marked polymegathism and pleo- 
morphism of endothelial cells when 
compared with posterior chamber 
IOLs.’ 

It has been suggested that certain 
closed-loop AC IOLs be removed at 
keratoplasty for PBK.* We concur and 
believe that the Hessburg IOL should 
likewise be removed because of risk of 


1. Apple DJ, Hansen SO, Richards SC, et al: 
Anterior chamber lenses: II. A laboratory study. 
J Cataract Refract Surg 1987;13:175-189. 

2. Smith PW, Wong SK, Stark WJ, et al: 
Complications of semiflexible, closed-loop ante- 
rior chamber intraocular lenses. Arch Ophthal- 
mol 1987;105:52-57. 

3. Apple DJ, Olson RJ: Closed-loop anterior 
chamber lenses. Arch Ophthalmol 1987;105:19- 
20. 

4. Taylor DM, Atlas BF, Romanchuk KG, et al: 
Pseudophakic bullous keratopathy. Ophthalmolo- 


graft endothelial damage and trans- 
plant failure if it is retained. In fact, 
the graft failed in the patient in whom 
the lens was retained in our series. 

The haptics of closed-loop AC IOLs 
are often incarcerated within synech- 
iae in the angle and on the iris root, 
and their removal may be fraught 
with complications. To avoid compli- 
cations such as hemorrhage, iridodial- 
ysis, and avulsion of the iris root, we 
recommend that the technique for 
Hessburg IOL removal be similar to 
that described for removal of other 
AC IOLs at the time of keratoplas- 
ty.*"° This includes cutting the haptic 
loop at its peripheral bend and sliding 
the encased portion from its synechial 
tunnel. If resistance is met on sliding, 
it may become necessary to totally 
sever the foot of the haptic from the 
IOL and allow it to remain in the eye, 
attempting to leave as short a rem- 
nant as possible. 

Pharmacia Intermedics Ophthal- 
mics Corporation stated that the 
majority of complications associated 
with Hessburg lenses were due to 
their implantation “following opera- 
tive complications, including vitreous 
loss and ruptured posterior capsules.” 
They also stated that the subgroup of 
patients, “approximately 300,” who 
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received the implant following un- 
complicated primary intracapsular or 
extracapsular cataract extraction 
“did quite well with the lens” (An- 
drew Nelson, Pharmacia Intermedics 
Ophthalmic Corp, written communi- 
cation, March 19, 1987). In this study, 
five of the cases were uncomplicated 
primary implants in patients without 
underlying disease. We agree with the 
premise that all semiflexible, closed- 
loop AC IOLs should be removed from 
the marketplace because of sight- 
threatening complications. In May 
1987, the Hessburg lens was removed 
from the market for “marketing rea- 
sons.” 

In conclusion, we wish to alert the 
ophthalmologic community that 
many of the late complications associ- 
ated with the Hessburg IOL and other 
semiflexible, closed-loop AC IOLs 
may develop many years postopera- 
tively and, therefore, patients with 
these lenses require close follow-up. 
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Hetercgeneity in Macular Corneal Dystrophy 


Deepak P. Edward, MD; Beatrice Y. J. T. Yue, PhD; Joel Sugar, MD; Eugene J-M. A. Thonar, PhD; 
Nirmala Sunder Raj, PhD; E. Lee Stock, MD; Mark O. M. Tso, MD 


@ Macular cerneal dystrophy is an 
autosomal recessive disorder in which 
abnormal depes#ts in the corneal stroma 
have been idemified. We examined the 
corneal butions of 12 patients, who had 
Clinical features of macular dystrophy, by 
histochemical staining, transmission elec- 
tron microscopy and immunohistochemi- 
cal techniques. All corneas exhibited pos- 
itive staining wth Muller Mowry’s colloidal 
iron. Using mosecienal antibodies 1/20/ 
5-D-4, J-10, J- © and J-36 that recognize 
specific-sites cn the sulfated keratan sul- 
fate molecule, we stained corneal sec- 
tions by an avidim-biotin-peroxidase com- 
plex method anmdiidentified two groups of 
macular corneal dystrophy. One group 
consisting of foer corneas reacted posi- 
tively with all feur antibodies, and the 
other group ccnsisting of eight corneas 
did not react with any of the antibodies 
usec. These ~esuits confirmed those 
recently presemtd by Yang et al that 
there may be su®groups of macular dys- 
trophy that can be identified by immuno- 
histochemical methods. Also, serum lev- 
els of sulfated ke atan sulfate were deter- 
mined in seven patients. One patient who 
displayed a normal level of serum keratan 
sulfate had pos*twe- corneal immunoreac- 
tivity. Of the six patients who lacked 
serum keratan surfaie, four showed nega- 
tive and two hac positive corneal immuno- 
staining, sueges*ing at least three sub- 
groups in the disease. An attempt was 
made to correla the clinical features, 
histochemical-s:aning characteristics, 
and ultrastructeral morphology with the 
immunoreactivity to keratan sulfate anti- 
bodies, but ne correlations could be 
made. 

(Arch Ophfialimol 
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Macular corneal dystrophy is an 
uncommon disease that is inher- 
ited through an autosomal recessive 
trait. Clinically, it is characterized by 
ill-defined corneal opacities and a 
ground-glass stromal haze, which are 
usually seen around puberty. These 
opacities coalesce progressively, lead- 
ing to severe visual impairment, and 
keratoplasty is often necessary before 
the fifth decade.'? The corneal opaci- 
ties are caused by accumulation of 
materials that stain positively with 
periodic acid-Schiff (PAS), metachro- 
matic dyes, and specific stains for acid 
mucopolysaccharides. Ultrastructural 
studies have shown that this material 
is fibrillogranular and is present both 
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Table 1.—Clinical Characteristics of Corneas From Patients With Macular Dystrophy*. r 








Age, y VA Before 
———. Surgery 
Patient/ At At en, Clinical Family Other 
Sex/Race Onset Surgery OD Features History Records 
1/F/As Ind 30 38 20/200 20/200 Multiple stromal Sister of 
opacities, OU patient 2 


CF at 60 Failed graft; 





20/80 


20/400 





5/M/As 10 20, OU 20/60 20/70 LKP with Positive Optic disc 
Ind opacities in coloboma 
posterior 


3/200 





20/300 


24 CF at 90 CF at 30 Dense central 


CF at 





10/F/W 55 78 20/200 20/200 Diffuse stromal Nuclear 
opacities, OU sclerosis 
11/F/As Ind 22 32 CF at 90 20/200 Diffuse stromal 
cm opacities, OU 
12/M/As 28 30 3/200 3/200 Diffuse stromal 
Ind opacities, OU 


intracellularly in the stromal kerato- 
cytes and extracellularly among the 
collagen fibers of the stroma.'? Occa- 
sionally, this material is also seen in 
the posterior banded portion of Desce- 
met’s membrane and within the endo- 
thelial cells.” 

The material accumulated in the 
macular dystrophic cornea is thought 
to be an abnormal proteoglycan as 
identified by organ culture studies.*’ 
This substance is resistant to diges- 
tion with keratanase but reacts posi- 
tively with antibodies that are specific 
for the protein core of the normal 
keratan sulfate proteoglycan.” Using 
organ culture and radiolabeling tech- 
niques, Nakazawa et al’ examined the 
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ground-glass 
opacities, OS 
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opacities in 
central and 
peripheral 
stroma, OU 


Central stromal 
opacities, OU 
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stroma 


Ground-glass 
stromal 

opacities, OU 
Diffuse ground- 
glass stromal 
opacities, OU 





























opacities, OU 


Diffuse stromal 
opacities, OU 








*VA indicates visual acuity; As Ind, Asian Indian; HM, hand movements; CF, counting fingers; LKP, lamellar 


keratoplasty; and Hisp, Hispanic. 
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oligosaccharide portion of this proteo- 
glycan and showed that part of this 
molecule consisted of an unsulfated 
glycoconjugate, which was of similar 
size to normal keratan sulfate chains. 
The relative proportion of labeled glu- 
cosamine, mannose, and fucose in this 
glycoconjugate was also close to that 
found in normal keratan sulfate mole- 
cules. It was therefore suggested that 
the metabolic defect in macular corne- 
al dystrophy involved abnormal syn- 
thesis of keratan sulfate, possibly 
involving specific sulfotransferases 
needed in the sulfation of the lacto- 
saminoglycan chains.’ Recently, ab- 
sence of sulfated keratan sulfate" has 
been demonstrated in the serum of 16 
patients with macular corneal dystro- 
phy, further establishing a systemic 
abnormality in the synthesis of kera- 
tan sulfate in these patients. 
Macular corneal dystrophy has long 
been considered a single homogeneous 
entity. However, a recent report by 
Yang et al” revealed a possibility of 
heterogeneity in this disease. In their 
study, subgroups of macular dystro- 
phy were identified by immunostain- 
ing corneas of patients. It was sug- 
gested that the subgroups were proba- 
bly related to differences in the stor- 
age materials. In an independent but 
concurrent study, we noticed some 
differences in histochemical-staining 
characteristics in the corneal buttons 
of our patients. To follow up this 
observation, we undertook both light 
and electron microscopic studies and 
performed immunohistochemical 
staining using four monoclonal anti- 
bodies specific for keratan sulfate 
proteoglycan molecules. In addition, 
we measured serum levels of sulfated 
keratan sulfate in seven of our pa- 
tients. Our purposes were to delineate 
further the existence of heterogeneity 
in patients with this corneal disease 
and to correlate findings from various 
studies in an attempt to identify the 
possible basis for heterogeneity. 


MATERIALS AND METHODS 


Twelve patients with an established clin- 
ical diagnosis of macular corneal dystro- 
phy were included in this study (11 cases 
from the Georgiana Theobald Ophthalmic 
Pathology Laboratory, University of Illi- 
nois College of Medicine at Chicago, and 
one case from the Department of Ophthal- 
mology, Northwestern University Medical 
School, Chicago). Clinical details were 
available in all 12 cases. Of the 12 corneal 
buttons from the above patients, five had 
been fixed in McDowell and Trump’s fixa- 
tive (1% glutaraldehyde and 4% formalde- 
hyde), and the remaining seven had been 
fixed in 4% buffered formaldehyde. Paraf- 
fin sections from these corneal buttons 
were studied with special stains, including 
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Table 2.—Staining Characteristics of Corneas From Patients With Macular Dystrophy * 


Hematoxylin- 


Patient Eosin 


Alcian 


Masson's Congo 


Trichrome Red 


Colloidal 
Blue iron 


1 Scattered stromal 
deposits IC and EC 

2 Diffuse deposits in 
stroma IC and EC 

3 Scattered stromal 
deposits; also in 
endothelium 


Scattered stromal 
deposits IC and EC 


Few scattered 
deposits IC and EC 


10 Mainly anterior 
stromal deposits; 
also endothelial 
deposits 


Anterior stromal 
deposits IC and 
EC; also in 
endothelium 


Anterior stromal 
deposits IC and 
EC; also in 
endothelium 


PAS 

++ 

++ 

++ 

4 Material scattered IC ++ 

and EC 

a 

++ 

++ 

++ 

++ 

Ea 


7 

8 Scattered deposits IC 
and EC 

9 


++ ++ — - 
++ ++ _ - 
++ ++ _ — 
++ ++ - - 
5 Material in graft and — ++ z E 
host tissue 
6 Scattered deposits IC ++ pars -5 = 
and EC 
+t ++ - - 
++ ++ — — 
++ ++ — — 
++ ++ _ - 





* PAS indicates periodic acid-Schiff; IC, intracellularly; EC, extracellularly; two plus signs, strongly positive; 
minus sign, negative; and one plus sign, mildly positive. 


PAS, alcian blue, Muller Mowry’s colloidal 
iron, Masson’s trichrome, and Congo red. 

Four-micrometer-thick sections from 
the corneal buttons of all 12 cases were 
used for immunostaining. The monoclonal 
antibodies tested were 1/20/5-D-4 and J- 
10, J-19, and J-36 (provided by one of the 
authors [N.S.]). These antibodies were 
developed against either human articular 
cartilage proteoglycan” or rabbit corneal 
proteokeratan sulfate.’*'* Their prepara- 
tion and characterization were described 
in detail in previous publications.'’** All 
antibodies recognized carbohydrate deter- 
minants common to corneal and cartilage 
proteokeratan sulfate. 

Immunostaining studies were performed 
following a previously described proce- 
dure.'® The dilutions of primary antibodies 
were 1:100 (1/20/5-D-4, J-19, and J-36) and 
1:1000 (J-10). An avidin-biotin-peroxidase 
complex technique was used to visualize 
the reaction products. Slides were also 
counterstained with hematoxylin. Paraffin 
sections from four normal human corneas 
(from Illinois Eye Bank donors aged from 
20 to 62 years), preserved either in McDow- 
ell and Trump’s fixative or in formalde- 
hyde solution, were stained in parallel as 
positive controls. Nonimmune mouse 
serum was used in place of primary anti- 
bodies for negative controls. 

Corneal tissue preserved in McDowell 
and Trump’s fixative was available from 
two of the patients and was processed for 
electron microscopy by postfixation in 
osmium tetroxide, dehydration in graded 


alcohols, and embedding in epoxy resin 
(Dureupan). Ultrathin sections were 
stained with uranyl acetate-lead citrate 
and examined using an electron micro- 
scope (Hitachi H-600). 

Blood samples were available from seven 
of the patients. Serum levels of keratan 
sulfate were measured using monoclonal 
antibody ET-4-A-4 as described previously 
by one of the authors (E.J-MA.T.)."° Also, 
some of the serum samples were analyzed 
in a similar enzyme-linked immunosorbent 
assay, replacing ET-4-A-4 with monoclonal 
antibodies 1/20/5-D-4, J-10, J-19, and J-36 
that had been utilized for corneal immuno- 
staining. 


RESULTS 


Clinical features, including age, sex, 
race, ocular features, family history, 
and other relevant records, are shown 
in Table 1 for 12 patients with macu- 
lar corneal dystrophy. No striking dif- 
ference was noted in the mode of 
clinical presentation among patients. 
The age of the patients at surgery 
ranged from 20 to 78 years. Seven 
patients were Asian Indians from 
southern India, where a large popula- 
tion of cases is located. Four patients 
had a family history of the disease 
(patients 1 and 2 were siblings, Table 
1). Patient 5 (Table 1) had previously 
undergone a lamellar keratoplasty 
and clinically showed opacification in 


Macular Corneal Dystrophy—Edward et al 


the deep stroma. The corneal button, 
obtained for histopathologic study, 
included the scar of the previous sur- 
gery and a rim of host stroma. 

The histochemical-staining charac- 
teristics of the corneal tissues are 
depicted in Table 2. The staining in 
most cases, as expected, was positive 
for PAS, alcian blue, and Muller 
Mowry’s colloidal iron. One corneal 
specimen (patient 5, Table 2), howev- 
er, did net stain with alcian blue, 
although it stained positively with 
Muller Mowry’s colloidal iron. The 
positive stain was seen in both host 
tissue and im granular deposits in the 
lamellar graft close to the scar of the 
previous graft. Furthermore, the PAS 
staining was only weakly positive in 
two patients (Nos. 3 and 10, Table 2). 

Immunostaining of the corneal sec- 
tions with the four antibodies (Table 
3) showed that eight of the 12 sections 
were unreactive in the keratocytes, 
the extracellular material, or the stro- 
ma (Fig 1), while the remaining four 
(from patients 4, 5, 10, and 11) stained 
positively with all four antibodies. 
The corneal specimen from patient 10 
showed diffuse staining in the stroma, 
abnormal stroma! deposits, and kera- 
tocytes, whereas in corneal sections 
from patients 4 and 11, the positive 
staining was restricted to the kerato- 
cytes and extracellular deposits with 
mild background staining in the stro- 
ma (Fig 2). The corneal sections from 
patient 5, who had undergone a lamel- 
lar graft, had diffuse staining in the 
stroma, extracellular deposits, and 
keratocytes of both the host and graft 
regions (Fig 3). The endothelial cells 
stained positively in all four cases. 
Normal human corneas, as expected, 
reacted positively in the stroma and 
keratocytes with all four antibodies. 
The staining pattern was similar 
regardless of whether the corneas 
were preserved in formaldehyde or in 
McDowell and Trump’s fixative. 

Electron microscopy showed the 
typical presence of a fibrillogranular 
substance,‘ intracellularly in the kera- 
tocytes and extracellularly in the cor- 
neal stroma of two patients (patients 
4 and 9; the farmer from the positive- 
immunostaining group and the latter 
from the negative-immunostaining 
group). The ultrastructural character- 
istics (pictures not shown) of both 
corneal buttons were similar, irre- 
spective of their reactivity with kera- 
tan sulfate antibodies. 

An attempt was made to correlate 
the various clinical parameters, such 
as age, sex, race, ocular features, and 
genetic patterns, with the finding of 
positive or negative immunohisto- 
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Table 3.—Corneal Immunohistochemical Staining Pattern and ‘Serum Levels of 
Keratan Sulfate in Patients With Macular Dystrophy 







Serum Keratan 






Staining With Monoclonal Antibodies * Sulfate Level 
Using ET-4-A-4, 
1/20/5-D-4 J-10 J-19 ng/mL 


















Patient 
1 


OOD INIDIO!|RIW!N~ 





oO 





11 +,K +,K +,K +,K <6 
12 - = - - 


Normal ++, SK 
corneas 

















* Minus sign indicates negative; two plus signs, strongly positive; K, positive staiming in keratocytes; one plus 
sign, positive; SK, positive staining in both stroma and keratocytes; and G, positive staining in lamellar graft 
tissue. 
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Fig 1.—Immunocytocnemical staining of macular dystrophy cornea (patient 3) with monoclonal 
antibody J-19. Antibody was raised against corneal keratan sulfate proteoglycan, and staining 
was performed using avidin-biotin complex method. No visible staining was seen in stromal 
deposits (arrows), keratocytes, or stromal matrix (X740). 
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Corneal Immuno- 
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Negative Negligible 
Positive Normal 
Positive Negligible 





chemical stainings (Table 2). No cor- 
relation, however, could be made. 
The serum levels of sulfated kera- 
tan sulfate were measured with anti- 
body ET-4-A-4 in seven of our 
patients (patients 1 through 5 and 
patients 11 and 12) as shown in Table 
3. Patients 1 through 3 and 12 had 
negligible amounts of sulfated kera- 
tan sulfate in their serum, which 
matched the finding of negative 
immunostaining of their corneas. 
Patient 4, with positive corneal immu- 
nostaining, showed serum levels of 
keratan sulfate comparable with 
those seen in the normal population.” 
Patients 5 and 11 lacked sulfated ker- 
atan sulfate in their serum, while 
their corneas stained positively with 
Fig 2.—Corneal section from patient 4 showing positive staining with monoclonal antibody J- 19. keratan sulfate antibodies. Analyses 
Note positive staining (arrows) in posterior stromal keratocytes (avidin-biotin-perioxidase, X480). of serum using the four monoclonal 
Inset shows positive staining of keratocytes and endothelium (avidin-biotin-peroxidase, antibodies 1/20/5-D-4, J-10, J-19, and 


X 1920). J-36 confirmed these results. 


COMMENT 


Using immunoperoxidase-staining 
techniques and four anti-keratan sul- 
fate monoclonal antibodies on corneal 
tissues, the present study demon- 
strates that there are at least two 
subgroups of macular corneal dystro- 
phy. The first group (n = 8) is charac- 
teristically unreactive, whereas the 
second group (n = 4) has at least frag- 
ments of sulfated keratan sulfate mol- 
ecules that react positively with the 
antibodies. These two groups cannot 
be distinguished by a specific histo- 
chemical stain, such as Muller 
Mowry’s colloidal iron, since it stains 
corneal deposits in both groups posi- 
tively. Our demonstration is in agree- 
ment with findings reported recently 
by Yang et al” that showed heteroge- 
neity in 88 cases of macular corneal 
dystrophy. With five monoclonal anti- 
bodies (four were the same as the ones 
we used), they also found a third 
group of corneas that would react to 
some but not to the other antibodies. 

The four monoclonal antibodies 
used in our study have been shown to 


Fig 3.—Corneal section from patient 5 showing positive staining with monoclonal antibody J-19 in react specifically with normal corneal 
lamellar graft (g) (arrows), host (h) stroma, keratocytes, and deposits (arrowhead) (avidin- and cartilage keratan sulfate proteo- 
biotin-peroxidase, X462). Inset shows higher power of graft-host junction with positive staining in glycan in its sulfated form.’*"* These 
graft (g) and host (h) tissue (avidin-biotin-peroxidase, X740). antibodies yielded no positive staining 
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with maeular cystrophic corneas in 
two previous ræorts.™!" The positive 
immunostaining found in four of our 
cases suggests taat these corneas con- 
tained deposits that were related to 
the sulfatec keratan sulfate molecule. 
Although the exact nature of the sul- 
fated depesit and the specific areas of 
sulfation remaim to be determined, 
one may speculate that this abnormal 
sulfated product may consist of kera- 
tan sulfate chams shorter than nor- 
mal but leng eneugh to be recognized 
by the monoclonal antibodies. It is 
also possible that the sulfation in 
these depesits isincomplete, with nor- 
mal sulfation occurring only at some 
portions of the molecule. Such incom- 
plete sulfation ar short-chain forma- 
tion could be = result of different 
metabolic errors, possibly along the 
keratan sulfate proteoglycan biosyn- 
thesis pathway. 

Varied staining patterns were noted 
among the four corneal sections that 
gave positive immunostaining. Two of 
them (patients = and 10) showed dif- 
fuse keratan su fate staining in the 
ground substance of the stroma, as 
well as in the abnormal intracellular 
and extracellular deposits. The re- 
maining twos patients 4 and 11) exhib- 
ited positive staining mainly in the 
keratocytes. The reason for such a 
variation is unclear at present. 

Between the two groups of macular 
dystrophic cerneas that we identified, 
no differences could be found in terms 
of the medical histories or other clini- 
cal parameters, such as the onset of 
disease or age of the patients. Endo- 
thelial involvement and guttata were 
also noted in beth groups, and no 
correlation ceuld de made between the 
antibody reactivi-y and the endotheli- 
al involvement. Also, electron micro- 
scopic studies shewed that the ultra- 
structural patterns obtained from the 
two groups cf our cerneal specimens 
were similar These findings indicate 
that variants exist of macular corneal 
dystrophy charaeterized by different 
forms of keratar sulfate present in 
the cornea but with similar clinical 
and pathologic appearances. 

The keratan sulfate present in the 
serum is largely eerived from that in 
the cartilage By demonstrating the 
absence of suifated keratan sulfate in 
the serum of patients with macular 
corneal dystropky, Thonar et al” 
showed that th keratan sulfate 

present in these patients’ cartilage 
was in unsulfated form. In this study, 
we found that feur of our patients 
with negative corneal immunostain- 
ing also laeked sulfated keratan sul- 
fate in their serum. One patient with 
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positive corneal immunostaining had 
a level of keratan sulfate comparable 
with that in the normal population. 
However, two patients (Nos. 5 and 11), 
despite a positive immunoreactivity 
with keratan sulfate antibodies in the 
cornea, showed only a negligible level 
of sulfated keratan sulfate in the 
serum. It therefore seems that there 
are at least three subgroups in macu- 
lar corneal dystrophy (Table 4). Group 
l, with negative keratan sulfate 
immunostaining in corneas and a lack 
of sulfated keratan sulfate in the 
serum, is the major group. Groups 2 
and 3 are less frequent. 

The abnormal deposits in the corne- 
al button of the patient who had pre- 
viously undergone a lamellar graft 
showed a negative alcian blue staining 
but stained positively with Muller 
Mowry’s colloidal iron and PAS, both 
in the graft and the host tissue. The 
reason for this atypical histologic pat- 
tern is unclear. This cornea also unex- 
pectedly exhibited positive immuno- 
staining of the abnormal deposits in 
both host and graft tissue, suggesting 
a recurrence of the disease in the 
graft. A recurrence of macular corne- 
al dystrophy is rare, and there have 
been speculations regarding its cause. 
For instance, Newsome et al,’ by dem- 
onstrating normal keratocytes that 
produced normal proteoglycans in the 
graft tissue, postulated that a recur- 
rence in the gra?t is caused by diffu- 
sion of abnormal material from the 
host into the graft stroma and that it 
may not be a true recurrence. Others 
have suggested that it is the abnormal 
host keratocytes that invade the 
graft, with resultant abnormal prote- 
oglycans deposited in the graft.'*” 
Unfortunately, im our patient, no tis- 
sue was available for electron micros- 
copy to determine whether the abnor- 
mal material was present in the graft 
intracellularly and/or extracellularly 
to differentiate the two possibilities. 

In summary, three groups of pa- 
tients with macular corneal dystrophy 
have been identified with differences 
in the forms of keratan sulfate 
present in the cornea and the serum. 
Additional work at the molecular lev- 
el is required fo define the exact 
defect that leads to the manifestation 
of this corneal disease. 


This work was supperted in part by grants EY 
03890 and EY 05628, training grant EY 07038, 
and core grant EY 01792 from the National Eye 
Institute and grant AG 04736 from the National 
Institute on Aging, National Institutes of Health, 
Bethesda, Md. 

The Aravind Eye Hospital, Madurai, India, 
provided the clinical histories and the corneal 
specimens off our patients. 

Bruce Caterson, PhD, University of West Vir- 


Macular Corneal Dystrophy—Edward et al 


ginia, Morgantown, provided the monoclonal 
antibody 1/20/5-D-4 used in this study. 

Lisa Molnar, Irena Suvaizdis, and Michael 
Smith provided technical assistance. 


References 


1. Graf B, Pouliquen Y, Frouin MA, et al: 
Cytochemical study of macular dystrophy (Groe- 
nouw II): An ultrastructural study. Exp Eye Res 
1974;18:163-169. 


2. Garner A, Klintworth GK (eds): Pathobiolo-. 


gy of Ocular Disease. New York, Marcel Dekker 
Inc, 1982, pp 876-886. 

3. Snip RC, Kenyon KR, Green WR: Macular 
dystrophy: Ultrastructural pathology of corneal 
endothelium and Descemet’s membrane. Invest 
Ophthalmol Vis Sci 1973;12:88-97. 

4. Francois J, Hansenns M, Teuchy H, et al: 
Ultrastructural findings in corneal macular dys- 
trophy (Groenouw type II). Ophthalmic Res 
1975;7:80-98. 

5. Klintworth GK, Smith CL: Abnormal prod- 
uct of corneal explants from patients with macu- 
lar corneal dystrophy. Am J Pathol 1980;101:143- 
158. 

6. Klintworth GK, Smith CL: Abnormalities of 
proteoglycans and glycoproteins synthesized by 
corneal organ cultures derived from patients 
with macular corneal dystrophy. Lab Invest 
1983;48:603-612. 

7. Hassell JR, Newseme DA, Krachmer J, et al: 
Macular corneal dystraphy: Failure to synthesize 
a mature keratan sulfate proteoglycan. Proc Natl 
Acad Sci USA 1980;77:3705-3709. 

8. Newsome DA, Hassell JR, Rodrigues MM, et 
al: Biochemical and histological analysis of ‘re- 
current’ macular corneal dystrophy. Arch Oph- 
thalmol 1982;100:1125-1131. 

9. Nakazawa K, Hassell JR, Hascall VC, et al: 
Defective processing of keratan sulfate in macu- 
lar corneal dystrophy. J Biol Chem 1984; 
259:13751-13757. 

10. Thonar EJ-MA, Meyer RF, Dennis RF, et 
al: Absence of normal keratan sulfate in the 
blood of patients with macular corneal dystro- 
phy. Am J Ophthalmol 1986;102:561-569. 

11. Yang JC, SundarRaj N, Klintworth GK: 
Immunohistochemical evidence of heterogeneity 
in macular corneal dystrophy. Invest Ophthalmol 
Vis Sct 1987;28(suppl):29. 


12. Caterson B, Christner JE, Baker JR: Iden- — 


tification of a monoclonal antibody that specifi- 
cally recognizes corneal keratan sulfate. J Biol 
Chem 1984;258:8848-8854. 

13. SundarRaj N, Willson J, Gregory JD, et al: 
Monoclonal antibodies to the proteokeratan sul- 
fate of rabbit corneal stroma. Curr Eye Res 
1985;4:49-54. 

14. SundarRaj N, Chao J, Gregory JD, et al: 
Ocular distribution of keratan sulfate during 
pre- and post-natal development in rabbits. 
J Histochem Cytochem 1986;34:971-976. 

15. Kurosawa A, Elner VM, Yue BYJT, et al: 
Immunohistochemical and lectin-binding char- 
acteristics of cultured trabecular meshwork cells. 
Exp Eye Res 1987;45:299-251. 

16. Hsu SM, Raine L, Fanger H: The use of 
avidin-biotin-peroxidase complex (ABC) in 
immunoperoxidase techniques: A comparison 
between ABC and unlabeled antibody (PAP) 
procedures. J Histochem Cytochem 1981:29:577- 
580. 

17. SundarRaj N, Barbacci-Tobin E, Howe 
WE, et al: Macular cormeal dystrophy: Immuno- 
chemical characterization using monoclonal 
antibodies. Invest Ophthalmol Vis Sci 1987: 
28:1678-1686. 

18. Klintworth GK, Stainer GA, Binder PS: 
Recurrence of macular eorneal dystrophy within 
grafts. Am J Ophthalmed 1983;95:60-72. 

19. Robin AL, Green RW, Lapsa TP, et al: 
Recurrence of macular corneal dystrophy after 
lamellar keratoplasty. Am J Ophthalmol 1977; 
104:457-461. 


1583 


. 
“a ‘eee 


E a 





g 4 vat Geet ao ae oS 


"wa 


a eee 
[vent ks 


wit E th 


ATO 


a t 
Man. Ava) 


i 
A aah i 


by 


ROBERT A ee ay ee 


3 


Di ee eee 


uh DP 


tin! Neb wth: Aaa th ive. 


TE 


Jt) et EYT T 


"eq 








Histopathology of Traumatic Corneal Rupture 
After Radial Keratotomy 


Perry S. Binder, MD; George O. Waring III, MD; Peter N. Arrowsmith, MD; Charlie Wang, MD 


e Two patients (three eyes) had previ- 
ously undergone technically successful 
radial keratotomy procedures and subse- 
quently sustained blunt injury to the eyes 
in motor vehicle accidents one and two 
years after surgery, respectively, with 
rupture of the cornea along the keratot- 
omy scars. One case subsequently re- 
quired penetrating keratoplasty to recov- 
er 20/50 visual acuity. The second pa- 
tient died, but had he survived, the exten- 
sive ocular injuries would have required 
significant surgical and medical care to 
restore vision. Histologic and ultra- 
structural studies demonstrated incom- 
plete wound healing in the three corneas. 
Individuals who have had radial kera- 
totomy, like those who have had penetrat- 
ing keratoplasty, are at increased risk of 
corneal rupture after direct ocular trauma. 

(Arch Ophthalmol  1988;106:1584- 
1590) 


pata keratotomy (RK) for myopia 
consists of a series of radial inci- 
sions in the paracentral and peripher- 
al cornea that weaken the cornea, 
allowing the intraocular pressure to 
bow the incised area forward, with 
resultant flattening of the central cor- 
nea and a decrease in its refractive 
power.'? The corneal wounds appear 
to heal slowly over a few years after 
RK.* Experimental studies of blunt 
injury to animal eyes after RK dem- 
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onstrate that the globe bursts in the 
area of the corneal incisions.’ Despite 
claims to the contrary,'*'' human cor- 
neas that have undergone RK are at 
increased risk of corneal rupture after 
blunt injury to the globe. We 
describe two patients (three eyes) who 
had undergone successful RK for 
myopia who subsequently suffered 
blunt ocular injury with rupture of 
the globe through the keratotomy 
scars. 


REPORT OF CASES 


Case 1.—In 1981, a 24-year-old woman 
underwent a 16-incision RK procedure in 
the left eye. The preoperative and postop- 
erative refractions and visual acuity were 
unavailable. 

In September 1983, she suffered blunt 
trauma to her head with loss of conscious- 
ness in a motor vehicle accident. While 
being treated in an intensive care unit, she 
was examined by one of us (C.W.). The 
uncorrected visual acuity was 6/24 (20/80) 
OD and light perception in the left eye. 
There were no facial lacerations or frac- 
tures. The left eyelids were mildly edema- 
tous without lacerations. A stellate rup- 
ture of the cornea and sclera was apparent 
in the left eye. The major rupture extended 
in the vertical axis across the center of the 
cornea and 1.5 mm into the sclera in both 
directions. This rupture connected the two 
keratotomy scars in the same axis. In 
addition, a horizontal rupture of the cor- 
nea occurred in the keratotomy scar in the 
9-o’clock position, extending into the cen- 
ter of the cornea and connecting the 
oblique rupture. The lens and iris were 
totally avulsed; vitreous extruded from the 
wound; a dense vitreous hemorrhage 
obscured the view of the retina. Examina- 
tion results of the right eye were normal. 

On the day of the accident, the corneo- 
scleral wounds were repaired. Despite an 
anterior vitrectomy, a dense vitreous 
image persisted. B-scan ultrasonography 
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showed an attached retina. One month 
following surgery, the visual acuity in the 
left eye was light perception. Ghost-cell 
glaucoma developed, and a posterior 
vitrectomy was performed that returned 
the intraocular pressure to normal. Corne- 
al edema subsequently developed, and in 
November 1982, a penetrating keratoplasty 
was performed. Eight months following 
surgery, the visual acuity was 6/15 (20/50) 
OS with a contact lens. 

Case 2.—A 27-year-old man underwent 
RK on the left eye on April 28, 1984. The 
preoperative cycloplegic refraction was 
—2.25 diopters. An eight-incision proce- 
dure was done with a central clear zone of 
3.4 mm, with a blade height designed to 
achieve a 90% incision depth. 

The patient underwent RK on the right 
eye on May 23, 1984. The preoperative 
cycloplegic refraction was —2.25 sphere. A 
four-incision procedure was performed, 
with a 3.0-mm optical central clear zone 
and a 90% intended incision depth. The 
postoperative estimated incision depth was 
85%. At his last clinical examination on 
Dec 17, 1984, the uncorrected visual acuity 
was 6/6 (20/20) OD and 6/5 (20/15) OS. 
The cycloplegic refraction was plano +0.50 
x90 OD and +0.75 sphere OS. 

On April 19, 1985, one year after the first 
surgery, the patient was involved in a 
motor vehicle accident that resulted in 
severe head trauma. He died seven days 
later in an intensive care unit. During this 
time, the patient was kept alive by a respi- 
rator. There is no clinical information 
available about the appearance of the eyes 
then. At the time of enucleation, a trau- 
matic corneoscleral laceration was re- 
ported in the right eye before the eyes were 
removed. 


MATERIALS AND METHODS 


The cornea obtained at penetrating ker- 
atoplasty from case 1 was placed in 10% 
neutral-buffered formaldehyde and em- 
bedded in paraffin. The whole eyes from 
case 2 were stored in buffered 10% formal- 
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dehyde for nine months before being sub- 
mitted for analysis. The whole globes were 
photographed under the dissecting micro- 
scope for orientation purposes. One cornea 
appeared to have torn in half along oppos- 
ing incision sites acress the optical zone. 
The corneoseleral rim was removed and 
the specimen was processed without fur- 
ther dissection for transmission and scan- 
ning electron microscopy. The corneoscler- 
al rim was removed from the mate eye and 
divided between the incision sites for anal- 
ysis. 

The specimens were thoroughly rinsed in 
0.1 mol/L of eacodylate buffer and fixed in 
buffered 3% glutaraldehyde or 3% para- 
formaldehyde. The specimens were post- 
fixed in buffered 2% osmium tetroxide 
followed by-a dehydration schedule of alco- 
hol and glass distilled water, 50% to 100% 
for ten minutes at each step. For light 
micrescopy, l-um sections were stained 
with 2% toluidine blue O. Ultrathin speci- 
mens were stained with 2% aqueous ura- 
nyl acetate and Reynold’s lead citrate. 
Specimens were viewed using a transmis- 
sion electron microscope (Hitachi HU 11E) 
at 75 kV. 

Specimens intended for scanning elec- 
trom microscopy were critical-point dried 
using liquid carbon dioxide, mounted, and 
sputter coated with gold or palladium. 
Specimens were viewed using a scanning 
electron micrescope (Hitachi S520) at 20 
kV. 


RESULTS 


Our analysis revealed the presence 
of two types ef corneal wounds—those 
that demonstrated various aspects of 
healing, which presumably repre- 
sented the original, healing keratot- 
omy scars, and those wounds that 
extended through the full corneal 
thickness with underlying scrolls of 
Descemet’s membrane on either side 
of the wound producing a wide scar, 
which presumably represented the 
ruptured wounds. Partial-thickness 
wounds associated with the original 
keratotomy wounds were also thought 
to be associated with trauma. 


Case 1 

In case 1 (16-incision RK), we 
observed the following three patterns 
of scars: partial thickness, perpendic- 
ular, and partially healed; partial or 
full thickness, oblique, and partially 
healed; and partial or full thickness 
nonhealed. 

The partial-thickness, perpendicu- 
lar, partially healed scars probably 
represent those from the original sur- 
gery that were correctly made. These 
scars varied from 50% to almost 100% 
of the corneal thickness (Figs 1 
through 3) The proximity of the 
wounds to each other related to 
whether the histologic sections were 
central (wounds closer to each other) 
or peripheral (wounds farther apart). 








Fig 1.—Case 1. Two partially penetrating wounds two years after radial keratotomy. Wound on 
left has large epithelial plug. Wound on right is oblique and extends cnly 50% of way through 
cornea (hematoxylin-eosin, original magnification X 150). 





Fig 2.—Case 1. Full-thickness keratotomy wound. Wound on right has many keratocytes 
posteriorly, suggesting continued active wound repair. Arrows indicate discontinuity of Desce- 
met’s membrane and probable microperforation site at time of original radial keratotomy 
procedure (hematoxylin-eosin, original magnification X120). 


Fig 3.—Case 1. Site of corneal rupture. Sharply demarcated rupture thatslants obliquely toward 
original incision is seen on right. Full-thickness incision is seen on left. Break in Descemet’s 
membrane (asterisk) and early retrocorneal membrane (arrow) is present (Masson’s trichrome, 
original magnification X200). 








Epithelial plugs in some of the inci- 
sions extended as far as 33% of the 
stromal thickness (Fig 1). Other 
wounds had no epithelial plug. 
Inflammatory cells were absent near 
these incision sites. Electron micros- 
copy was not performed on these spec- 
imens, preventing us from determin- 
ing whether a complete basal lamina 
was in place, which would indicate the 
length of time the epithelial cells were 
present within the wounds. The epi- 
thelial surface overlying these inci- 
sion sites appeared irregular. The nor- 
mal stromal lamellar pattern was lost 
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Bassas < 
Fig 4.—Case 2. Corneal surface of right eye. Rupture occurred along two opposing incisions 
across optical zone, leaving two other incisions (large arrows) intact. Small arrows mark sharp 


edge of Bowman’s layer. E indicates epithelium; BM, Bowman’s membrane (scanning electron 
microscopy, X44). 





on both sides of the wounds (Figs 1 
through 3). The keratocyte density 
appeared to be reduced surrounding 
these wounds. There was no vascular- 
ization. 

The partially healed, partial-, or 
full-thickness sears that were oblique 
probably represented scars from the 
original surgery that were incorrectly 
made. Some of these scars lay oblique- 
ly at an approximate 15° angle. Some 
sears began in a perpendicular pat- 
tern and then became oblique in the 
peripheral part of the wound, whereas 
others were entirely oblique from the 


beginning of the wound until its ter- 
mination near Descemet’s membrane 
(Fig 3). Several well-healed, full- 
thickness corneal wounds were 
present as evidenced by a focal scar in 
Descemet’s membrane and the pres- 
ence of scar tissue in the posterior 
corneal surface. Increased fibroblastic 
activity was present in the posterior 
stroma of these full-thickness scars. 
The area of stromal lamellar disorga- 
nization appeared to be in a wider 
distribution much like an inverted 
“V” pattern. An early retrocorneal 
membrane was present underneath 
one wound. We think that these 
wounds represented full-thickness 
keratotomy incisions and were unre- 
lated to the traumatic wound rupture 
since only two months had passed 
between the original injury and time 
of penetrating keratoplasty. 

We also found open wounds partial- 
ly or fully penetrating the stroma in 
areas other than those of the previous 
keratotomy scars (Fig 3). Extensions 
of the wounds occurred at the base of 
each wound. In contrast to partially 
healed wounds, these wounds gaped 
open and some were lined with epithe- 
lium. We think that these wounds 
opened when trauma occurred. 


Case 2 


In the right eye of case 2 (four- 
incision RK), healed keratotomy 
wounds were visualized. A poorly dif- 
ferentiated epithelium five- to seven- 
cells thick partially covered the ante- 
rior surface in some of these relatively 
well-healed wounds. A focal site of a 
fracture in Bowman's layer was visu- 
alized (Fig 4). Incision depth appeared 
to be approximately 60% of the total 
corneal thickness. The anterior one 
third of the cornea contained acute 
inflammatory cells that we, in the 
intensive care unit, assumed were due 
to the blunt trauma and exposure (Fig 
5). Large intrastromal spaces were 
seen in the posterior cornea just above 
Descemet’s membrane containing oc- 
casional neutrophils and fibroblasts 
(Fig 6). Endothelial cells were 
absent. 

A fresh longitudinal rupture be- 
tween opposing incisions divided the 
cornea into halves (Fig 4). Centrally, 
the epithelium was stripped away 
from the anterior surface, exposing 
Bowman’s layer and the incision sites. 
A sharply demarcated separation of 
Bowman’s layer across the optical 
zone indicated that the rupture 
occurred along opposing incisions (Fig 
4). Posteriorly, the corneal wounds 
were jagged and irregular. 

In the left eye (eight-incision RK), 
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Fig 5.—Case 2. flight micrograph of one of two intact corneal wounds. Extensive anterior corneal 
inflammation developed during week while patient was comatose. Wound extended two thirds of 


corneal thickness (hematoxylin-eosin, X 160). 


the sites of the radial incisions were 
identified by scanning electron mi- 
croscopy (Fig 7). Histologic study 
showed that these areas contained an 
irregular epithelial thickness from 
one to 12 cell ayers. Bowman’s layer 
was exposed im some areas (Fig 7). A 
basa! lamina lined the epithelial plugs 
in two partially healed wounds. The 
approximate incision depths of these 
incisions were 56% and 75%. Minimal 
fibroblastic activity was present. 

The epithelium extended into the 
entire length ef another incision (Fig 
8). An elevated epithelial plug was 
seen over this wound site; the epitheli- 
al cells withir this wound appeared 
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convoluted and loosely attached con- 
taining intercellular and intracellular 
vacuoles. A stromal scar could not be 
identified at the bottom of the inci- 
sion. The depth of this wound was 
approximately 92% of the total corne- 
al thickness. 


COMMENT 


After RK, three categories of poten- 
tial complications have been docu- 
mented.'> 

The first category includes normal 
postoperative sequelae that occur in 
the majority of eyes, such as pain that 
lasts a few days, fluctuation of visual 
acuity from morning to evening that 


can last a few months, glare that can 
last weeks to months, and an initial 


loss of effect of the surgery. 

The second category of complica- 
tions, which are not vision threaten- 
ing but occur in many eyes, ineludes 
mild irregular astigmatism, signifi- 
cant overcorrection ər undercorrec- 
tion, the induction of epithelial base- 
ment membrane changes, and the 
appearance of an epithelial iron 
line.'*'* Some patients complain of a 
persistent disabling glare that inter- 
feres with activities such as driving at 
night. 

The most dreadec postoperative 
complications, since these eyes are 
anatomically normal before surgery, 
are those that threaten vision and 
may produce blindness. Fortunately, 
these are rare. Although endothelial 
damage was reported in Japan" with 
posterior RK performed directly in 
the endothelium, to date there is no 
evidence that chronic endothelial cell 
loss occurs following RK. 

Few vision-threatening complica- 
tions have been reperted following 
RK. Those occurring at the time of 
surgery, such as cataract formation, 
hyphema, epithelial ingrowth, and 
endophthalmitis, result from corneal 
perforations, both small (micro) and 
large (macro). Vision-threatening 
complications occurring after surgery, 
such as bacterial keratitis or wound 
rupture, have been related to slow 
corneal wound healing, which appar- 
ently has made the corneas more sus- 
ceptible to infection and reduced their 
tensile strength. 


Wound Healing of Corneal Stroma 


There are two types of corneal 
wounds made by surgeons: (1) kera- 
totomy wounds to eorrect myopia and 
astigmatism, which are partial thick- 
ness, unsutured, and (for the most 
part) not treated by prolonged doses 
of topical corticosteroids, and (2) 
keratoplasty or cataract wounds, 
which are full thickness, sutured, and 
treated with long-term topical cor- 
ticosteroids. Neither type of cor- 
neal scar regains original tensile 
strength. 

The biology of corneal stromal heal- 
ing has been discussed elsewhere.'*? 
However, experimental studies of 
wound healing have extended for only 
approximately six months in animals 
and therefore cannot be applied 
directly to long-term wound healing 
in humans. One of the striking find- 
ings in the histelogic studies of 
human eyes after RK is that the nor- 
mal epithelial plug remains in many 
wounds for three to five years after 
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surgery, apparently disappearing by 
approximately five years.’ 

Active fibroblasts seem to persist in 
the keratotomy wounds for many 
years as well. Thus, the normal pro- 
cess of stromal wound heading and 
remodeling lasts for many years after 
RK, and once it is complete, there is 
no reestablishment of continuity 
between the collagen fibrils them- 
selves, but rather the creation of a 
stromal scar matrix that helps bind 
the two sides of the wound. Remodel- 
ing of the keratotomy wounds can be 
followed up by the slit-lamp examina- 
tion as changes in the gray haze and 
feathering adjacent to the incisions.* 
Instability of refraction with changes 
in keratometry readings occurs after 
RK” presumably because of changes 
in the corneal wounds and shape of 
the cornea. Thus, it is apparent from 
previous studies that it takes years 
Fig 6.—Case 2, right eye. Keratocytes in anterior stroma appear to be degenerating (sparse for keratotomy wounds to reach a 
cytoplasm and vesicular inclusions). Stromal lamella are disorganized, containing frequent stable configuration, and even then 
patches of banded collagen (transmission electron microscopy, original magnification X8182). the final tensile strength is less than 


that of the normal cornea. 





Fig 7.—Case 2. Anterior corneal surface of left eye. On scanning electron microscopy two radial incisions are 
visible (dotted lines) with one exhibiting shallow anterior separation (arrows). Anterior erosion was present (as- 
terisk). Note sharp demarcated wound (X29). Inset, Low-power scanning electron micrograph of open incision 
marked by arrows in main figure. Surface epithelium (E) is missing, exposing Bowman’s membrane (BM). 
Wound separation is superficial and may have been caused by tissue preparation or trauma (X200). 
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Fig 8.—Case Z, left eye. Multiple epithelial cells formed elevated facet just above incision. 
Epithelial cells aiso line entire depth of wound and probably migrated there after traumatic 
reopening of wounds. Minimal fibroblastic activity was seen around incision (hematoxylin-eosin, 


X200). 


Wound Sirength After RK and 
Penetrating Keratoplasty 

There are tree types of studies and 
reports of wound strength after cor- 
neal surgery: (1) laboratory studies of 
acute or healing wounds,’*?! (2) acci- 
dental trauma,”” and (3) secondary 
surgical precedures, such as cataract 
extraction and retinal detachment 
repair. 

Laboratory Studies of Wound Strength 
After RK 

Studies on the recovery of corneal 
wound streneth after penetrating 
incisions in cats and rabbits indicate a 
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rapid rise in wound strength to about 
30% of normal in the first few weeks 
followed by a slow rise to about 50% 
of normal at approximately six 
months.'*?! Three laboratory studies 
of wound strength after RK have been 
published. 

Luttrull and colleagues’ studied the 
effect of depth of keratotomy inci- 
sions that extended across the limbus 
in enucleated porcine eyes. They dem- 
onstrated that when achieved incision 
depth exceeded 70%, there was an 
increased incidence of rupture of the 
cornea through the incisions after 


blunt trauma. They also observed that 
incisions transversing the limbus 
increased the incidence of corneo- 
scleral rupture. 

Larson and cowerkers' observed that 
98% of the wound ruptures in rabbit 
eyes following an eight-incision RK 
occurred in one or more of the incisions 
with patterns that connected one inci- 
sion to the other extending out into the 
sclera and forming stellate wounds 
similar to those that occurred in our 
first case. They observed that the blunt 
force required to rupture the globe 
after RK within 90 days of healing was 
approximately half that required to 
rupture the contrel eyes that had not 
been operated on; those eyes with 
intraoperative corneal perforations 
required even less force to rupture. 

Rylander and coworkers’ studied 
the effect of RE on the rupture 
strength in a porcine model. They 
concluded that ruptures most fre- 
quently occurred at the equator in 
normal eyes and through the cornea 
in eyes after RK. The eyes that had 
undergone RK ruptured at less force 
than the paired normal eye in eight of 
nine experiments. 


Accidental Ocular Trauma After RK 


The effect of accidental trauma on 
corneal wounds im humans is deter- 
mined by the amount of direct force to 
the globe itself. There is no way this 
can be quantified. 

Examples of ocular trauma without 
rupture of the keratotomy wounds 
have been reperted. John and 
Schmitt” reported one case of severe 
blunt trauma to an eye six months 
after RK that procuced a 75% hyphe- 
ma without rupture of the keratotomy 
scars. Spivak" reported a case of a 
man who suffered multiple facial 
trauma from a plane crash four 
months after RK and two months 
after a reoperation without corneal 
rupture. 

Forstot and Damiano” emphasized 
the variable outcome of an eye that 
has had RK with subsequent trauma. 
They described wo patients with 
direct, severe trauma to the globe that 
separated an incision and produced a 
flat anterior chamber. Both were suc- 
cessfully treated with bandage soft 
contact lenses. Feur other patients 
sustained periocular lacerations with- 
out rupture of the keratotomy 
wounds. In contrast te our cases, none 
of their six patients suffered signifi- 
cant visual or ocular sequelae from 
the trauma. 

McDonnell and coworkers” re- 
ported the traumatic rupture of a 
cornea with blunt trauma after a hex- 


Radial Keratotomy—Binder et al 1589 








HN 


agonal keratotomy. The patient 
required several surgical procedures 
to repair the corneal wound and to 
treat a retinal detachment associated 
with retinoschisis. Simons and Linsal- 
ata? reported a case of blunt trauma 
by an elbow approximately two weeks 
after RK with rupture of the globe 
followed by primary repair and subse- 
quent enucleation. 


Wound Dehiscence After Penetrating 
Keratoplasty 


Information about wound dehis- 
cence after penetrating keratoplasty 
is pertinent to understanding the pos- 
sible long-term effects of wounds 
from RK. 

Wounds from penetrating kerato- 
plasty may slip when sutures are 
removed, even one to two years after 
surgery.“ Calkins and colleagues* 
used holograms taken of corneas after 
penetrating keratoplasty to demon- 
strate that weak areas were present in 
the wounds one year after surgery; 
even when vascularization was 
present in the wound, weak areas 
were present.” It is, therefore, no sur- 
prise that blunt trauma can rupture 
penetrating keratoplasty wounds up 
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to 13 years after surgery.” For 
example, Farley and Pettit” described 
14 eyes with ruptured corneas from 
three days to 13 years after penetrat- 
ing keratoplasty, with an approxi- 
mate average of 2% years. There 
seems to be no time after penetrating 
keratoplasty when the wound has the 
same strength as the normal cornea. 


Effect of Secondary Surgical Procedures 
on Wounds From RK 


Reported surgical procedures occur- 
ring after RK are repeated keratot- 
omy, penetrating keratoplasty, kera- 
tomileusis, and retinal detachment 
repair. Girard and coworkers” de- 
scribed opening of RK incisions six 
months postoperatively during kera- 
totomy to correct residual astigma- 
tism. Beatty et al” describe in detail 
wound separation that can occur dur- 
ing corneal transplant trephination. 
Maxwell” observed that wounds from 
keratotomy easily separated in the 
excised lenticule during keratomileu- 
sis. One of us (P.S.B.) experienced the 
same problem during keratomileusis 
for undercorrected RK.° Fitch de- 
scribed anecdotally the repair of a 
retinal detachment two years after 
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RK (Ophthalmology Times, September 
1987, p 18). During scleral depression, 
aqueous leaked from some of the cor- 
neal incisions, and during scleral 
buckling, four of the incisions gaped 
open. 

Thus, the cumulative evidence of 
laboratory experiments, histopatho- 
logic study, and clinieal reports docu- 
ment that a corneal wound never 
regains the strength of the original 
cornea, whether the wound is full 
thickness as in penetrating kerato- 
plasty or partial thickness as in RK. 
Although ocular injuries are more 
likely to occur in young males, partic- 
ularly those who play dangerous 
sports, have hazardous jobs, or pos- 
sess pugnacious natures, most of the 
trauma that has been reported after 
RK does not involve high-risk individ- 
uals. Individuals who undergo RK 
should be fully informed about the 
hazards of a weakened cornea. Since 
corticosteroids reduce stromal wound 
healing, it seems prudent to avoid 
their prolonged use after RK as well. 


This study was sponsored in part by a grant 
from the National Vision Research Institute, San 
Diego, and by grant EY04557-07 from the 
National Eye Institute, Bethesda, Md. 
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Laboratory Sciences 


Age-Related Loss of Morphologic Responses to 
Pilocarpine in Rhesus Monkey Ciliary Muscle 


Elke Littjen-Dvrecoll, MD; Ernst Tamm, MD; Paul L. Kaufman, MD 


è Ciliary muscle topography and con- 
nective tissue distribution were studied 
by light microscopy in atropinized, pilo- 
Carpinized, or untreated eyes from rhesus 
monkeys of various ages. With age, the 
conneciive tissue ground plate between 
ciliary muscie and ciliary processes thick- 
ens, while there is very little increase in 
connective tissue within the ciliary mus- 
cle. With age. the atropinized muscle 
becomes shorter and smaller in area while 
it remains unchanged in width and posi- 
tion. In pilecarpinized eyes, the ciliary 
muscle is shorter, narrower, smaller in 
longitudinal and total area (ie, more circu- 
lar and compact), and positioned more 
anteriorty than in contralateral atropin- 
ized eyes. These contractile responses to 
pilocarpine diminish with age at a rate 
similar to that for accommodative decline. 
According te these topographic findings, 
physicians seeking the pathophysiologic 
characteristics of presbyopia, which 
occurs in humans and rhesus monkeys on 
a comparabie relative time scale, should 
redirect their attention toward the ciliary 
muscle. 

(Arch 
1598) 


Qphthalmo!l 1988;106:1591- 


Prsbwopia, the age-related loss of 

accommedative amplitude, is a 
seemingly universal and invariant 
human affliction the eause and patho- 
physiolegic characteristics of which 
are unknown Earlier studies that 
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suggested that lenticular factors rath- 
er than decreased ciliary muscle con- 
tractility were responsible for presby- 
opia employed indirect methodolo- 
gies,*? while more direct experimental 
approaches were severely hindered by 
the lack of an animal model.'?'° 

The accommodative apparatus of 
the rhesus monkey (Macaca mulatta) 


appears to be similar to that of the 


See also p 1526. 


human, and the accommodative 
amplitude in rhesus eyes declines with 
age on a comparable relative time 
course.''°'? This species is now under 
multidisciplinary scrutiny as a model 
system for human accommodation 
and presbyopia. It therefore seemed 
important to study the age-compara- 
tive morphologic and topographic 
characteristics of the ciliary muscle 
and their possible functional corre- 
lates in rhesus monkeys over their 
entire life span. 

We have previously shown that dur- 
ing pilocarpine-induced accommoda- 
tion, the young monkey ciliary muscle 
changes its shape and position. The 
muscle shortens and moves anteroin- 
ternally, and in sagittal sections, the 
area of the longitudinal portion 
decreases, while the area of the circu- 
lar portion increases, giving the mus- 
cle a sharp and prominent inner 
edge. We report the following: (1) the 
shape and position of the ciliary mus- 
cle, the sagittal area of different 
regions, and the content and distribu- 
tion of connective tissue in rhesus 
monkey eyes of various ages; (2) the 
morphologic and topographic re- 
sponses of the rhesus ciliary muscle to 
pilocarpine hydrochloride and atro- 
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pine sulfate at various ages; and (3) 
the effect of different tissue-process- 
ing strategies on tne information 
obtained. 


MATERIALS AND METHODS 
Animals. and Eyes 


Twelve rhesus monkeys received, in vivo, 
one drop of commercial ophthalmic 10% 
pilocarpine hydrochtoride topically in one 
eye and 1% atropine sulfate in the other 
eye, 45 minutes and 30 minutes, respective- 
ly, before fixation began. In each case, the 
pupils responded appropriately. 

Five of these monkeys then underwent 
perfusion from the left ventricle with hep- 
arinized physiologic saline followed by fix- 
ative. The eyelids and orbital bones were 
cut and rongeured away, and the globes 
were removed with minimal external pres- 
sure. In three of these amimals (aged 8, 10, 
and 26 years), after enucleation, full-thick- 
ness 3 X 3-mm windows were cut in the 
posterior sclera adjacent to the optic nerve 
and in the central eornea using a razor- 
blade knife and Vannas scissors; the globes 
were then placed whole in fixative until 
final processing in West Germany two 
weeks later. In the ot her*two animals that 
underwent perfusion (aged 15 and 34 
years), the eyes wereremoved immediately 
and then bisected equatorially, quadri- 
sected anteriorly, and fixed by immer- 
sion. 

Seven monkeys did net undergo perfu- 
sion; rather, their ewes were fixed only by 
immersion immediately after enucleation. 
The eyes of four of these animals that did 
not undergo perfusioa (aged 4, 8, 23, and 26 
years) were enucleated in vivo, scleral and 
corneal windows were cut, and the eyes 
were placed whole in fixative for 15 
minutes. The eyes were ‘hen dissected as 
described above, and ‘he pieces were 
returned to the fixative. The eyes of the 
remaining three animals (7, 12, and 20 
years) were enucleated, dissected at once, 
and fixed by immersion. 

Another group of three young animals 
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Fig 1.—Schema for topographic analysis of 
ciliary muscle. By digitization of ciliary muscle 
drawings, measurements were made of ciliary 
muscle length (anteroposterior distance along 
outer longitudinal edge from posterior tip to 
anterior insertion at scleral spur), width (per- 
pendicular distance between inner apex and 
outer longitudinal edge), position (anteropos- 
terior distance from inner apex to scleral spur, 
perpendicular to width), and area of entire 
muscle and longitudinal component. 


(all aged 3 years) received no topical drugs 
in vivo, but after enucleation and dissec- 
tion, quadrants of each eye were placed in 
fixative containing 123 mmol/L of pilocar- 
pine hydrochloride, 43 mmol/L of atropine 
sulfate, or no drug to compare drug actions 
within the same eye. 

The third group, consisting of 29 animals 
ranging in age from 137-day fetuses and a 
3-week-old neonate to 34 years, was not 
exposed to pilocarpine or atropine either in 
vivo or in the fixative. In these animals the 
eyes were enucleated after the animals 
were killed, and they were then dissected 
and fixed by immersion. 
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Tissue Processing and 
Evaluation 


The fixative for all monkeys was Ito’s 
solution.'* The eyes were further dissected, 
embedded in epoxy resin, and processed for 
light-microscopic examination using Rich- 
ardson’s and periodic acid-Schiff stains." 
In the three rhesus monkeys that under- 
went initial perfusion and then immersion 
fixation of the whole bulb, two crescent 
strips running from the anterior to poste- 
rior pole that were 5 mm wide at the 
equator were cut from opposite sides of the 
globe with a razor-blade knife and scissors; 
this assured that the ciliary muscle 
remained anchored anteriorly and (via 
Bruch’s membrane) posteriorly. These sec- 
tors were then embedded in paraffin, after 
which 6-um sections were cut and stained 
with hematoxylin-eosin. The rest of the 
globe was dissected and processed as usu- 
al. 

In the 15 pairs of rhesus eyes exposed to 
pilocarpine or atropine, drawings outlining 
the perimeter and longitudinal component 
of the ciliary muscle were made from eight 
epoxy resin-embedded sections per eye 
(two sections per quadrant); in the nine 
pairs that were fixed whole, drawings were 
also made from two immediately adjacent 
paraffin-embedded sections using a draw- 
ing microscope (Wild, Heerbrugg, Switzer- 
land). These drawings permitted measure- 
ment by digitization (MOP/17 MO1 sys- 
tem, Contron, Munich) of the length, 
width, position, and area of ciliary muscle. 
In Fig 1 the measurements are schema- 
tized and defined. In all sections of all 41 
animals, the amount and distribution of 
connective tissue within the ciliary muscle 
was subjectively evaluated (Fig 2). 

The drawings were done by E.L.-D., and 
the measurements were done by E.T.; nei- 
ther knew the age, drug treatment status, 
or fixation protocol of the material they 
were evaluating. 


Accommodation and 
Anesthesia 


In a few animals, the maximum accom- 
modative responses to topical pilocarpine 
or carbachol had been determined previ- 
ously. In each case, the accommodative 
amplitude was consistent with the ani- 
mal’s age based on the known age-accom- 
modation relationship for a large, repre- 
sentative sample of this rhesus colony." 

Anesthesia for in vivo enucleation and 
systemic perfusion was 15 mg/kg of 
ketamine hydrochloride administered in- 
tramuscularly followed by 25 mg/kg of 
pentobarbital sodium administered intra- 
venously. Anesthetized animals were killed 
by exsanguination or a pentobarbital over- 
dose. 

This study conforms to the guidelines of 
the Association for Research in Vision and 
Ophthalmology’s Resolution on the Use of 
Animals in Research." 


RESULTS 
Ciliary Muscle Topography 


In sagittal sections from adult rhe- 
sus eyes dissected before fixation, 
there were no apparent systematic 


differences in muscle length, width, 
position, overall area, or area of spe- 
cific regions related to age or to treat- 
ment with pilocarpine or atropine, 
interindividual variations notwith- 
standing. In the nine animals in which 
the globes were fixed intact, there 
were systematic age- and drug-related 
differences. However, the measure- 
ments obtained from the epoxy resin- 
embedded and adjacent paraffin- 
embedded sections in the individual 
eyes that were fixed intact were iden- 
tical, and the sections were virtually 
superimposable. This  eye-specific 
comparability existed in both the pilo- 
carpine- and atropine-treated eyes. 
We conclude that dissecting the eyes 
before fixation altered muscle shape 
and position, obscuring or obliterat- 
ing drug and age effects, whereas dis- 
section and fixation in epoxy resin of 
the globes that were initially fixed 
intact did not. Therefore, histometric 
analysis is presented in Table 1 only 
for the latter material. 

The general shape of the ciliary 
muscle and the size of its subdivisions 
were essentially the same in all nine 
atropinized eyes (Figs 2 through 4). 
There was no circular portion and 
only a small reticular zone. The outer 
longitudinal region predominated, 
and the individual muscle fibers in its 
anterior part appeared narrow, with 
optically empty spaces visible be- 
tween the muscle bundles. The angle 
formed by the borders of the muscle 
at its insertion to the scleral spur was 
acute. The reticular fibers formed an 
obtusely angled inner apex located 
approximately 0.5 to 0.9 mm behind 
the scleral spur, where the muscle 
attained its maximum width of 
approximately 0.6 to 0.8 mm. 

The shape and size of subdivision of 
ciliary muscle differed markedly 
among the nine pilocarpinized eyes. In 
the four youngest animals, a well- 
developed circular portion formed an 
acutely angled inner apex, which was 
located nearly as far forward as (and 
in some sections anterior to) the scler- 
al spur. Thus, the muscle generally 
resembled a right triangle, with the 
right angle at its anterior insertion 
into the spur (Figs 2 and 3). Com- 
pared with the contralateral atropine- 
treated eyes, the muscle tended to be 
narrower at the inner apex, smaller in 
overall area, and shortened (Table 2). 
The longitudinal portion, which in the 
atropinized eyes constituted approxi- 
mately three fourths of the overall 
muscle area, was smaller and consti- 
tuted a smaller fraction of the total 
muscle area in the pilocarpinized eyes 
(Table 2). The individual muscle-fiber 
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Pilocarpine 





Fie 2.—Clliary muscle topography and connective tissue distribution in rhesus monkeys. Representative sections are 
depicted schematically. Left, 8-year-old rhesus monkey exhibits essentially no intramuscular connective tissue. Right, 
34-year-ol@ rhesus monkey exhibits connective tissue (arrows) only anteriorly between longitudinal and reticular zones. Age- 
and drug-related differences in muscle topography are described in “Results” section. 


Table 1 —Giliary Muscle Topography in Pilocarpine- or Atropine-Treated Rhesus Eyes Fixed Intact at Various Ages* 


Ciliary Muscle 
—  — ———  — —_—————— eee  —” _ arawvms 





Area of Longitudinal Area/ 
Animal No. Length, Width, Inner Apical Longitudinal Total Area, Total Area 
Age, y Position, mm Portion, mm? 2 Ratio 
u E 
R Pilocarpine + 
L Atropine $ 
R Pilocarpine > 
L Atropine = 
R Pilocarpine + + 
L Atropine + + 
R Pilocarpine = + : 
3 = p : 
EH L Atropine 0.96 + 0.04 + + 
R Pilocarpine 0.89 + 0.03 + as Dy 
j - = = d 
AN L Atropine 0.76 + 0.09 + + i 
R Pilocarpine + 0.60 + 0.04 + a = ; 
j + + + + 
221/26 L Atropine + A m 0.79 + 0.04 + + á 
R Pilocarpine + + 0.61 + 0.02 + + j 
j + + = + + a . 
59/26 L Atropine + + + 0.94 + 0.03 + + s 
R Pilocarpine + + + 0.95 + 0.06 = + 3 
i + > + + + ; 
43/34 L Atropine a ri £ + 0.72 + 0.04 + = i 
R Pilocarpine i a t + 0.59 + 0.04 a a £ 
*Data are meam + SEM values from eight sections. Each section contributed one value for each measurement. í J 
i 
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à pra ' Madey 
Fig 3.—Ciliary muscle of 8-year-old rhesus monkey was treated topically with atropine (left, left 
eye) or pilocarpine (right, right eye) before enucleation. Note extremely anterior position of inner 
apex of ciliary muscle in pilocarpine-treated eye and absence of intramuscular connective tissue 
(Richardson's stain, original magnification X 120). 
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bundles in the anterior longitudinal 
region appeared thicker than in the 
atropinized eyes, and no empty spaces 
were visible between the fiber bundles 
(Fig 3). 

In the older animals, the differences 
between eyes treated with pilocarpine 
and atropine were much less pro- 
nounced. In the 15- and 23-year-old 
animals and in one 26-year-old ani- 
mal, only a small circular portion was 
formed in the ciliary muscle of the 
pilocarpinized eyes (Figs 2 and 4). In 
these three eyes, the inner apex of the 
muscle was located farther anteriorly 
than in the contralateral atropinized 
eyes, but in contrast to the younger 
animals, the inner apex of the muscle 
remained relatively far posterior to 
the scleral spur (Table 1). In the other 
26-year-old animal and in the 34-year- 
old animal, the muscle in the pilocar- 
pinized eyes exhibited no circular por- 
tion (Figs 2 and 4), and there was 
essentially no difference in muscle 
position between the eyes treated 
with pilocarpine and atropine (Ta- 
ble 1). 

Some other age-related trends were 
most apparent in the eyes treated 
with atropine but were somewhat 
obscured in the eyes treated with pilo- 
carpine by the more pronounced mus- 
cle contraction in the younger eyes 
(Fig 5). With age, the ciliary muscle 
became shorter (Fig 5, part 1) and 
smaller in area (Fig 5, part 13). The 
longitudinal component also de- 
creased in area (Fig 5, part 10), so that 
it occupied approximately the same 
proportion of total muscle area 
throughout the animal’s life (Fig 5, 
part 16). The width of the muscle apex 
(Fig 5, part 4) and its position relative 
to the scleral spur (Fig 5, part 7) were 
not related to age in the atropinized 
eyes. 


Ciliary Muscle 
Connective Tissue 


Intramuscular Connective Tissue.—In 
youth (ages 1 to 4 years) and early and 
middle adulthood (ages 6 to 20 years) 
the muscle bundles were packed close- 
ly together; connective tissue was only 
seen in small amounts surrounding 
nerve fibers and blood vessels, and the 


Fig 4.—Ciliary muscle of 34-year-old rhesus 
monkey was treated topically with atropine 
(left, left eye) or pilocarpine (right, right eye) 
before enucleation. Note similar position of 
inner apex of ciliary muscle, well posterior to 
scleral spur, in both eyes. In right eye, arrow 
indicates increased amount of connective tis- 
sue between ciliary muscle and iris root 
(ground plate) compared with younger animals 
(Fig 3); no increase in connective tissue is 
seen within muscle (Richardson's stain, origi- 
nal magnification X 120). 


Rhesus Ciliary Muscle—Litjen-Drecoll et al 


J 


Wi 


Mecsurement 
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Atropine 


Pilocarpine / atropine ratio 


Difference between pilocarpine and atropine 
in fellow eyes 


Width, mm 


Pilocarpine 
Atropine 


Pilocarpine / atropine ratio 


Difference between pilocarpine and atropine 
in fellow eyes 


Inner apical! position, mm 


Pilocarpine 
Atropine 


Pilocarpine / atropine ratio 


Difference between pilocarpine and atropine 
in fellow eyes 


Area of longitudinal portion, mm? 


Atropine 


Pilocarpine 


Pilocarpine / atropine ratio 


Difference between pilocarpine and atropine 
in fellow eyes 


Total area, mm? 


Atropine 
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*Data are meen + SEM values for one pilocarpine-treated eye and one atropine-treated eye from each animal. 

+Difference between pilocarpine- and atropine-treated eyes was significant (P < .005 by two-tailed, paired Student t test). 

Difference in sponse to pilocarpine between younger and older animals was significant (P < .01 by two-tailed, two-sample Student ftest). 
§Difference between pilocarpine- and atropine-treated eyes was significant (P < .001 by two-tailed, paired Student t test). 

\|Difference im response to pilocarpine between younger and older animals was significant (P < .005 by two-tailed, two-sample Student / test). 
{Difference between pilocarpine- and atropine-treated eyes was significant (P < .12 by two-tailed, paired Student t test). 

#Difference in response to pilocarpine between younger and older animals was significant (P < .001 by two-tailed, two-sample Student t test). 
* *Difference between pilocarpine- and atropine-treated eyes was significant (P < .10 by two-tailed, paired Student t test). 

+tDifference between pilocarpine- and atropine-treated eyes was significant (P < .05 by two-tailed, paired Student ¢ test). 

++Difference ineresponse to pilocarpine between younger and older animals was significant (P < .05 by two-tailed, two-sample Student f test). 
§ §Difference between pilocarpine- and atropine-treated eyes was significant (P < .06 by two-tailed, paired Student t test). 

|| || Differencesbetween pilocarpine- and atropine-treated eyes was significant (P < .01 by two-tailed, paired Student t test). 

{"Difference-in response to pilocarpine between younger and older animals was significant (P < .02 by two-tailed, two-sample Student / test). 
# #Difference im response to pilocarpine between younger and older animals was significant (P < .06 by two-tailed, two-sample Student t test). 


amount of cennective tissue did not 
increase through age 20 years (Figs 2 
and 3). Beyend age 20 years (late 
adulthood), connective tissue was 
present between the muscle bundles 
to a slightly greater extent, mainly 
anteriorly between the longitudinal 
and reticular portions (Figs 2 and 6). 
Some quantitative interindividual dif- 
ferences occurred in these older ani- 
mals. In two eases the individual mus- 
cle fibers weme smaller and there was 
a greater imerease im connective tis- 
sue, but in most animals the increase 
in connective tissue was slight (Figs 4 
and 6). Hyalinization of the connec- 
tive tissue bundles was found only in 
one 24-year-cld animal. 

Connective Tissue Ground Plate.—The 
portion of the connective tissue 
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ground plate between the ciliary mus- 
cle and the pars plana ciliary epitheli- 
um remained unchanged throughout 
life. However, beyond age 15 years, 
the connective tissue in the transition 
area between the iris root, ciliary 
muscle, and ciliary processes was 
thickened. Between 15 an 20 years of 
age, the thickening was only slight 
and was accompanied by hyaliniza- 
tion limited to the anterior ciliary 
process stroma. Beyond age 20 years, 
the thickening was substantial, and 
the entire ciliary process stroma was 
hyalinized (Fig 4). 


Regional Variation 


Within individual animals of all 
ages there were no obvious regional 
differences in the amount of connec- 
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tive tissue between the ciliary muscle 
bundles or in the overall shape of the 
ciliary muscle. 


Fetal and 
Neonatal Eyes 


In the 137-day-eld fetuses and the 
3-week-old neonate, the ciliary muscle 
appeared immature, with the muscle 
fiber bundles separated by loosely 
arranged connective tissue. 


COMMENT 


The size, shape and position of the 
primate ciliary muscle and its subdi- 
visions change as the muscle contracts 
and relaxes.'*'”'? Attempts to capture 
the muscle in one or another function- 
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Fig 5.—Ciliary muscle topographic measurements in relation to age in rhesus eyes treated with 
atropine (left column) or pilocarpine (center column) that were fixed before dissection. Right 
column gives ratios of measurements for pilocarpine-treated animals to measurements for 
atropine-treated animals. Each data point is mean value for individual eye measurements given in 
Table 1. In some panels, line represents least-squares regression of indicated measurement in 
relation to age. Correlation coefficients are shown only if two-tailed statistical test gives 


P<.10. 


al state are subject to artifacts 
induced by fixation and tissue pro- 
cessing. Dissecting the globe before 
fixation apparently alters muscle con- 
figuration and obscures or prevents 
putative age- and drug-related effects, 
perhaps by releasing the tension on 
Bruch’s membrane, the muscle’s pos- 
terior attachment.” Conversely, fixa- 
tion of the intact globe before dissec- 
tion, either by systemic perfusion or 
immersion, better preserves relative 
functional states, perhaps because the 
muscle remains under tension at both 
its anterior and posterior insertions. 
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The precise sequence of events that 
occurs during primate accommoda- 
tion remains under debate.: How- 
ever, there is no doubt that anteroin- 
ternal movement of the zonular 
attachment to the valleys of the pars 
plicata ciliary processes is crucial in 
facilitating sphericization and for- 
ward translation of the crystalline 
lens.” The ciliary muscle in the pilo- 
carpinized young rhesus monkey was 
strongly contracted, as evidenced by a 
well-developed circular portion. The 
inner apex moved markedly forward, 
and the muscle tended to become nar- 


RT 


rower rather than thicker. However, 
the ciliary ring might still have nar- 
rowed even though the muscle did not 
thicken, because the “anterior” move- 
ment was not linear along the antero- 
posterior global axis but, rather, 
along the spherical inner scleral sur- 
face. 

The contracting young rhesus cili- 
ary muscle also shortened and tended 
to decrease in overall sagittal area. 
Forward movement of the posterior 
muscle tips attached to the elastic 
Bruch’s membrane” seems far more 
likely than backward movement of the 
anterior insertion at the relatively 
rigid scleral spur and could also 
account for anterior movement of the 
choroid and ora serrata, which puta- 
tively occurs during macaque” (E.L.- 
D., unpublished data, 1987) and 
human™ accommodation. Compaction 
of the muscle was further evidenced 
by thickening of individual muscle 
fibers and obliteration of spaces 
between fiber bundles in the anterior 
longitudinal region, as previously 
described in the vervet monkey (Afri- 
can green, Cercopithecus ethiops).” 
This compaction presumably consti- 
tutes the structural basis for the pilo- 


carpine-induced reduction in the 
uveoscleral drainage of aqueous 
humor.” 


The most striking and unexpected 
finding was the loss of the ability to 
induce changes with pilocarpine in 
ciliary muscle topography with in- 
creasing age. We did not specifically 
study the ocular penetration of the 
topically applied drugs in these ani- 
mals. However, the doses were large 
and were far above the maximal doses 
required to induce accommodation in 
other macaques,* and the pupils 
became miotic, indicating that active 
drug entered the anterior chamber. 
No drug-free eyes were fixed prior to 
dissection, so we could not make any 
observations regarding the possible 
age dependence of the effects of atro- 
pine on the ciliary muscle. However, 
such putative effects would clearly not 
explain the age-related loss of respon- 
siveness to pilocarpine. Additionally, 
direct observation of the ciliary mus- 
cle in the living, totally iridectomized 
rhesus monkey indicates that muscle 
excursion in response to central elec- 
trical stimulation decreases with 
age,!127 

What causes the age-related loss of 
ciliary muscle movement in the rhe- 
sus monkey, and how does it relate to 
presbyopia? 

It is possible that the ciliary muscle 
cannot move for secondary mechani- 
cal reasons; ie, it becomes progressive- 


Rhesus Ciliary Muscle—Liitjen-Drecoll et al 


ae => "Doles = =z = eh Tl fe =— = > + 
` y à 
7 


i 3 iva Yi | , BES PA 





Fig 6.— Anterior part of ciliary muscle in 30-year-old rhesus monkey. There is slight increase in 
amount of comnective tissue (arrow) between longitudinal (L), reticular (R), and circular (C) 
portions in 30-year-old rhesus monkeys compared with younger animals (Richardson's stain, 


original magnification X 160). 


ly restrained in the “relaxed” posi- 
tion, so that its contractions are, in 
effect, isometric. However, the age- 
related increase in connective tissue 
within and adjacent to the muscle 
seems far too small te immobilize it, 
with the musele remaining compact 
and nonhyalinized. Furthermore, if 
the globe is sectioned equatorially 
prior to fixation, the muscle often 
takes on the topography associated 
with contraction, regardless of age or 
the presence or absence of cholinergic 
or anticholinergic drugs. Therefore, 
internal “rigidity” of the muscle can- 
not explain the findings. Our present 
observations do not exclude external 
restriction of muscle movement by an 
increasingly inelastic posterior fixa- 
tion (by Bruch’s membrane or cho- 
roid) or zonule or by an enlarging 
inelastic lens. 
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It is also possible that the ciliary 
muscle cannot move because of the 
loss or alteration of relevant muscle 
or nerve fibers. The area of the ciliary 
muscle decreases by perhaps one third 
with age. Since there is so little age- 
related increase in intramuscular con- 
nective tissue, the upper limit of actu- 
al muscle loss is probably around 
50%, with the circular/reticular zone 
perhaps slightly more affected than 
the longitudinal zone. We do not know 
whether this is sufficient to affect 
dioptric accommocative amplitude or 
whether a larger selective loss of mus- 
cle fibers especially critical to accom- 
modation occurs. Overall, the muscle 
appeared qualitatively normal by 
light-microscopic examination. There 
were age-related ultrastructural al- 
terations within individual muscle 
fibers, and light- and electron-micro- 


scopic examination showed altera- 
tions in the intramuscular nerves,”**” 
but the functional significance of 
these alterations is unknown. There 
was no striking age-related decline in 
overall ciliary muscle muscarinic 
receptor concentration or affinity as 
measured by specific tritiated quinu- 
clidinyl benzilate binding,” but rele- 
vant subpopulations®'* could have 
been affected and escaped notice. No 
age-related alteration in ciliary mus- 
cle activity of choline acetyltransfer- 
ase or acetylcholinesterase per milli- 
gram of protein was observed.” While 
these receptor and enzyme data sug- 
gest that the cholinergic neuromuscu- 
lar mechanisms remain intact with 
age, other biochemical or metabolic 
changes within the muscle fibers 
could be functionally relevant but 
undetectable by our morphologic and 
biochemical methods. 

Recently, reports have stated that 
the human ciliary muscle does not 
weaken or otherwise functionally 
decline with age®*” and that presby- 
opia is primarily a consequence of 
lenticular rather than ciliary muscle 
factors.2>°*’ However, these studies 
utilized indirect methods, such as 
impedance cyclography or in vitro 
passive stretch and lens deformation, 
to make inferences about ciliary mus- 
cle function. Despite their unques- 
tioned technical innovativeness and 
other merits, they do not provide 
direct and specific information about 
possible age-related changes in ciliary 
muscle position, configuration, and 
contractility.2 In the rhesus monkey, 
the age-related deeline in structural 
response parallels the loss of the func- 
tional accommodative response to 
pilocarpine or carbachol eye drops,” 
carbachol administered by corneal 
iontophoresis, and central electrical 
stimulation.'' While our findings do 
not indicate that ome specific mecha- 
nism is responsible for presbyopia, 
they redirect attention toward patho- 
physiologic patterns involving the cil- 
lary muscle. 
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Collagen-Shield Delivery of Gentamicin and Vancomycin 


Richard B. Phinney, MD; Steven D. Schwartz, MD; David A. Lee, MD; Bartly J. Mondino, MD 


è The ability of collagen-shield thera- 
peutic contact lenses to release gentami- 
cin sulfate and vancomycin hydrochloride 
individually anc in combination was inves- 
tigated using a fluorescent polarization 
immunoassay. in vitro studies showed 
that presoaked collagen shields released 
the majorityof gentamicin within the first 
30 minutes of elution, while vancomycin 
was released gradually over six hours of 
elution. Three experiments in rabbits 
compared the gentamicin and vancomy- 
cin levels produced at five time points in 
tears, cornea, and aqueous humor by col- 
lagen shields soaked in antibiotics vs 
frequent-drep therapy. The collagen 
shields soaked in gentamicin, vancomy- 
cin, or a combination of the two produced 
tear, cornea, and aqueous humor levels 
that were generally higher or at least 
comparable with those achieved by fre- 


quent-drop therapy. 
(Arch Opkthalmol 1988;106:1599- 
1604) 


he successful treatment of bacteri- 

al keratitis usually requires inten- 
sive antibiotic therapy. Methods for 
deliveringantibiotics include frequent 
topical application, subconjunctival 
injection, or 2combimation of the two. 
Frequent topical application can be 
labor-intensive and irritating, while 
subconjunctival injections can be 
painful and dangerous for the patient 
and inconvenient for the physician. A 
method that delivers therapeutic lev- 
els of antibiotic reliably, with a mini- 
mum number of applications, benefits 
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both patients and ophthalmologists. 

The collagen-shield therapeutic 
contact lens, which is composed of 
non-cross-linked porcine collagen and 
dissolves on the corneal surface over a 
period up to 12 hours, is reeommended 
for the relief of discomfort from post- 
surgical, traumatic, and nontraumatic 
corneal conditions. This study investi- 
gated the ability of the collagen shield 
to deliver sustained high concentra- 
tions of antibiotics to the rabbit cor- 
nea. We compared the ability of the 
collagen shield to release gentamicin 
sulfate or vancomycin hydrochloride 
alone and in combination with aggres- 
sive topical therapy in rabbits. 


MATERIALS AND METHODS 


Preliminary in vitro experiments were 
performed to assess the ability of the colla- 
gen shield to release antibiotic over time. 
The Bio Cor Fyodorov (Bausch & Lomb Inc, 
Rochester, NY) collagen corneal shield, a 
dry contact lens-shaped film (0.0127 to 
0.071 mm in thickness), with a 14.5-mm 
base curve and 9-mm diameter, was used 
throughout the following experiments. To 
ensure clinical applicability, the concen- 
trations of antibiotic selected for soaking 
the collagen shields were the standard 
parenteral concentrations commercially 
available. The collagen shields were 
immersed in 2 mL (the volume that fully 
immersed the shield in a scintillation bot- 
tle) of gentamicin sulfate (40 mg/mL) 
injectable solution (Elkins-Sinn Inc, Cher- 
ry Hill, NJ), vaneomycin injectable solu- 
tion (50 mg/mL) (Lederle Parenterals Inc, 
Carolina, Puerto Rico), or combination 
solutions containing vancomycin (25 mg/ 
mL) and gentamicin (40 mg/mL) or vanco- 
mycin (50 mg/mL) and gentamicin (40 
mg/mL) for two hours at 25°C. The mini- 
mum length of time necessary to maximal- 
ly impregnate a collagen shield with either 
gentamicin, vancomycin, or the combina- 
tion of the two is yet to be determined. We 
found, from a limited number of trials with 


gentamicin sulfate (40 mg/mL), that a 
five-minute soak was essentially as effec- 
tive as a two-hour soak. We arbitrarily 
chose the two-hour period, but a shorter 
length of time may be adequate. After the 
soaking periods, the collagen shields were 
removed, rinsed briefly in a 2-mL volume 
of phosphate-buffered saline solution, and 
then placed serially into vials containing 2 
mL of the saline solution for elutions of 30 
minutes, one hour, two hours, and 2.5 
hours. The eluates were submitted to the 
UCLA Toxicology Laboratory. 

The antibiotic assays were performed on 
a TDX Analyzer (Abbott Laboratories, 
Dallas), which applies fluorescent polar- 
ization technology using direct competi- 
tive-binding immuneassay techniques.’ In 
this assay there is competition between the 
drug in the sample and an added fluoresce- 
in-conjugated drug for a limited number of 
binding sites on antibody molecules specif- 
ic for the drug being measured. Under 
polarized light, the amount of fluorescence 
emitted is dependent on the amount of 
rotation of the flucrescein-drug complex. 
The degree of polarization of the sample is 
compared by a microprocessor with that 
obtained by known eoncentrations of drug, 
and the level in the sample is calculated. 
This technique has been found to be more 
accurate and reproducible for measuring 
serum antibiotic levels than biological 
assays.™ Preliminary assays of high con- 
centrations of vancemycin and gentamicin 
alone and combined in solution were per- 
formed to confirm the accuracy and speci- 
ficity of the polarized immunoassay tech- 
nique. The results indicated that the 
expected level of each antibiotic was 
obtained and that there was no interfer- 
ence by one antibiotic with the assay of 
another using this technique. 

Three separate experiments were car- 
ried out on female New Zealand albino 
rabbits weighing approximately 3 to 5 kg. 
All investigations described in our study 
were carried out in accordance with the 
Association for Research in Vision and 
Ophthalmology Resolution on the Use of 
Animals in Research. In all of the experi- 
ments, rabbits were sedated by intramus- 
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cular injection of chlorpromazine hydro- 
chloride (50 mg) (Elkins-Sinn Inc) followed 
15 to 45 minutes later by a marginal ear 
vein injection of 2 to 3 mL of chloral 
hydrate (425 mg/mL)-pentobarbital sodi- 
um (10.5 mg/mL) (equithesin, UCLA Phar- 
macy, Los Angeles). Following sedation, a 
4-mm circle of No. 1 filter paper was 
soaked briefly in N-heptanol (Aldrich 
Chemical Co, Milwaukee) and then placed 
on the central cornea of each eye for 
approximately two minutes. This was suf- 
ficient to produce a uniform, full-thickness 
epithelial defect.‘ Epithelial defects were 
made to simulate the clinical situation 
frequently encountered in eyes requiring 
intensive antibiotic treatment for microbi- 
al keratitis. In all three experiments, rab- 
bits were assigned to one of five groups to 
be killed at 30 minutes, one hour, two 
hours, three hours, or six hours. The ani- 
mals were killed at the designated time 
points by a 10-mL injection of equithesin 
via the marginal ear vein. 

In the first experiment (45 rabbits), col- 
lagen shields were soaked in 2 mL of sterile 
injectable gentamicin sulfate solution (40 
mg/mL) for two hours at 25°C prior to 
application to the cornea. After sedation 
and production of epithelial defects, a five- 
drop (approximately 50 uL per drop) load- 
ing dose of unpreserved gentamicin sulfate 
ophthalmic drops (15 mg/mL) was applied 
to the central cornea of the right eye, one 
drop every minute for five minutes. The 
lower eyelid was held away from the eye to 


avoid immediate overflow. When three 


drops of the loading dose had been applied, 
the collagen shield was placed on the cen- 
ter of the left cornea. Additional drops of 
antibiotic solution were placed in the right 
eye hourly. The last drop applied was 
placed one hour before the rabbit was 
killed, except in the case of the 30-minute 
group, which was treated with only a load- 
ing dose. 

Experiment 2 (25 rabbits) was conducted 
in a fashion identical to experiment 1, 
except that the topical drops used were 
unpreserved vancomycin hydrochloride (50 
mg/mL), and the collagen shields were 
soaked in 2 mL or injectable vancomycin 
(50 mg/mL) for two hours. 

In experiment 3 (35 rabbits), the genta- 
micin and vancomycin drop formulations 
were identical to those previously 
described. The five-drop loading dose was 
given by alternating drops of gentamicin 
and vancomycin on the right cornea, one 
drop every minute for ten minutes. The 
collagen shield was soaked for two hours at 
25°C in 2 mL of a solution containing 
injectable gentamicin sulfate (40 mg/mL) 
and vancomycin hydrochloride (50 mg/ 
mL). The shield was placed on the left 
cornea after the first five of the loading 
dose applications had been made. Addi- 
tional drops of each antibiotic were applied 
to the right eye five minutes apart (genta- 
micin first, vancomycin second) at hourly 
intervals after the loading dose. 

Prior to killing, a volume of 5 to 20 uL of 
tears from each eye was obtained with a 
graduated capillary pipette and placed ina 
100-4L volume of 0.01 mol/L of phosphate- 
buffered saline solution. After the rabbit 
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was killed the collagen shield was removed 
from the surface of the left eye with a 
cotton swab. We obtained approximately 
200 L of aqueous humor from both eyes by 
paracentesis with a 30-gauge needle 
attached to a tuberculin syringe and then 
removed the corneas. A vitreous sample 
was withdrawn from the midvitreous in 
the first 25 rabbits of experiment 1 only. 
Vitreous gentamicin levels were negligible, 
and antibiotic analysis therefore was not 
done in subsequent eyes. 

The tear, aqueous humor, and vitreous 
samples were sent directly to the UCLA 
Toxicology Laboratory where they were 
analyzed by fluorescent polarization 
immunoassay for gentamicin in the first 
experiment, vancomycin in the second 
experiment, and both antibiotics in the 
third experiment. 

Processing the corneas for drug assays 
involved mincing with a razor blade, 
weighing the minced tissue, and then plac- 
ing it in volume of 0.01 mol/L of phos- 
phate-buffered saline solution measuring 
200 to 800 uL. The samples were placed in 
an oscillating 37°C water bath for 16 
hours. The tubes containing the corneal 
tissue were then centrifuged at 2000 rpm 
for ten minutes prior to removal of the 
eluate, which was assayed for antibiotic in 
the same manner as the other samples. The 
assumption was made that the amount of 
antibiotic in a given corneal volume was 
the same as the amount in a corresponding 
volume of eluting fluid, utilizing the same 
approach and formula that have been pre- 
viously applied to corneal immunoglobu- 
lins and complement components.* The 
antibiotic concentration per gram of corne- 
al tissue was calculated as follows: 
Ca = (W + V)Cb/W (where Ca indicates 
micrograms of antibiotic per gram of cor- 
nea; Cb, micrograms of antibiotic per mil- 
liliter of eluate; W, weight of the cornea in 
grams; and V, the original volume [in mil- 
liliters] of eluate). Because the specific 
gravity of the cornea is approximately 1, 
weight and volume were considered inter- 
convertible. A pair of control corneas, 
untreated except for epithelial defects 
made with N-heptanol, were prepared as 
above. 

The antibiotic levels obtained in tears, 
cornea, and aqueous humor were statisti- 
cally analyzed by a paired ¢ test. Because 
levels produced by drop and collagen- 
shield therapy were compared at five dif- 
ferent time points, a P < .01 was accepted 
as statistically significant (Bonferroni 
method).’ 


RESULTS 


The time-release characteristics of 
the antibiotics from the collagen 
shields showed a rapid release of gen- 
tamicin and a more prolonged release 
of vancomycin (Figs 1 and 2). Collagen 
shields soaked for two hours in genta- 
micin (40 mg/mL) alone released a 
total of 419 + 25 ug (mean + SEM) 
into the serial eluates over a six-hour 
period, while the same concentration 
in combination with vancomycin (25 





mg/mL or 50 mg/mL) released 460 + 
10 ug and 691 + 58 ug of gentamicin, 
respectively. 

The shields soaked for two hours in 
vancomycin (50 mg/mL) alone re- 
leased a total of 2291 + 101 ug into 
the serial eluates over a six-hour peri- 
od, while the shields soaked in vanco- 
mycin (25 mg/mL)-gentamicin (40 
mg/mL) combination released 1373 + 
31 ug of vancomycin and the vancomy- 
cin (50 mg/mL)-gentamicin (40 mg/ 
mL) combination released 2321 + 
186 ug of vancomycin. } 

In experiment 1, tear gentamicin 
levels showed no statistically signifi- 
cant differences between eyes treated 
by collagen-shield therapy or drop 
delivery. Corneal levels of gentamicin 
were significantly higher in the colla- 
gen shield-treated eyes at the 30- 
minute and one-hour time points. 
There were no significant differences 
between the levels found in corneas at 
the two-hour, three-hour, or six-hour 
time points. Aqueous humor gentami- 
cin levels were significantly higher in 
the collagen shield-treated eyes at 30 
minutes and two hours but signifi- 
cantly lower at six hours than in drop 
therapy-treated eyes (Fig 3). 

In experiment 2, there were no sta- 
tistically significant differences in 
vancomycin levels between shield or 
drop treatment in tears, cornea, or 
aqueous humor at any time point 
(Fig 4). 

Experiment 3 measured the levels 
of each antibiotic when administered 
in combination. There were no signifi- 
cant differences in tear gentamicin 
levels produced by either treatment. 
Corneal gentamicin levels were signif- 
icantly higher in the collagen shield- 
treated eyes at the 30-minute, one- 
hour, and two-hour time points but 
not at the three- or six-hour time 
points. Aqueous gentamicin levels 
were significantly higher in collagen 
shield-treated eyes at 30 minutes, one 
hour, two hours, and three hours but 
not at six hours (Fig 5). 

Vancomycin levels in experiment 3 
were not significantly different in 
tears or cornea at any time point. 
Aqueous humor vancomycin levels 
were higher in favor of drop treat- 
ment only at the two-hour time point 
(Fig 6). 

Negative control corneal eluates 
obtained from untreated corneas with 
epithelial defects revealed no measur- 
able levels of gentamicin or vancomy- 
cin. 

COMMENT 


High-dose antimicrobial therapy 
directed at the organisms responsible 
for bacterial corneal ulceration is nec- 
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essary for rapid eradication.*!° The 
combination of an aminoglycoside and 
cephalosporin antibiotic has been rec- 
ommended as initial broad-spectrum 
treatment of suspected bacterial kera- 
titis.” When we attempted to combine 
gentamicin and cefazolin sodium in 
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Fig 1.—In vitro gentamicin sulfate-release characteristics. Collagen 
shields soaked for two hours in three antibietic solutions (squares 
indicate gentamicin [40 mg/mL]-vancomycin hydrochloride [50 mg/ 
mL] [n = 4]; circles, gentamicin [40 mg/mL]-vancomycin [25 mg/mL] 
[n = 4]; and triangles, gentamicin [40 mg/mL] [n= 4]) were rinsed 
briefly in phosphate-buffered saline solution and passed through serial 
elutions. Cumulative gentamicin sulfate eluted over 30 minutes and 1.5 
hours, 3.5 hours, and six hours is expressed as percentage of total 
eluted over six hours. 


Fig 2.—In vitro vancomycin hydrochloride-release characteristics. 
Collagen shields soaked for two hours in three antibiotic solutions 
(squares indicate vancomycin [50 mg/mL]-gentamicin sulfate [40 
mg/mL] [n = 4]; circles, vancomycin [25 mg/mL]-gentamicin [40 
mg/mL] [n = 4]; and triangles, vancomycin [40 mg/mL] [n = 4]) were 
rinsed briefly in phosphate-buffered saline solutien and passed through 
serial elutions. Cumulative vancomycin eluted over 30 minutes and 1.5 
hours, 3.5 hours, and six hours is expressed as percentage of total 
eluted over six hours. 


Fig 3.—Experiment 1: gentamicin sulfate drep vs collagen-shield 
therapy. Mean corneal and aqueous humor gentamicim levels measured 
in collagen shield-treated (circles) and drop-treated (triangles) eyes of 
rabbits at five time points over six-hour period. Collagen shields were 
soaked for two hours in gentamicin (40 mg/mL) prior to application. 
Five-drop loading dose of gentamicin (15 mg/mL) drops was followed 
by hourly application. Vertical bars indicate SEM. 


precipitation resulted. ulceration''"* has renewed interest in 
combination treatment the use of vancomycin in the treat- 


with these two agents by the collagen 
shield was abandoned. Concern over 
cephalosporin resistance of some clin- 
ically significant bacterial isolates 
potentially responsible for corneal 


ment of bacterial keratitis.!! 
Vancomycin is am extremely stable 
glycopeptide antibiotic active against 
a large number of gram-positive cocci 
and bacilli. It has multiple modes 
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Figure 4. 


Fig 4.—Experiment 2: vancomycin hydrochloride drop vs collagen 
shield therapy. Mean corneal and aqueous humor vancomycin levels 
measured in collagen shield-treated (circles) and drop-treated (trian- 
gles) eyes of rabbits at five time points over six-hour period. Collagen 
shields were soaked for two hours in vancomycin (50 mg/mL) prior to 
application. Five-drop loading dose of vancomycin (50 mg/mL) drops 
was followed by hourly application. 


Fig 5.—Experiment 3: combined gentamicin sulfate-vancomycin 
hydrochloride drop vs collagen shield therapy. Mean corneal and 
aqueous humor gentamicin levels measured in collagen shield-treated 
(circles) and drop-treated (triangles) eyes of rabbits at five time points 
over six-hour period. Collagen shields were soaked for two hours in 
solution of gentamicin (40 mg/mL) and vancomycin (50 mg/mL) prior 
to application. Five-drop loading dose of both gentamicin (15 mg/mL) 
and vancomycin (50 mg/mL) drops was followed by hourly applica- 
tion. 


Fig 6.—Experiment 3: combined gentamicin sulfate-vancomycin 
hydrochloride drop vs shield therapy. Mean corneal and aqueous 
humor vancomycin levels measured in collagen shield-treated (circles) 
and drop-treated (triangles) eyes of rabbits at five time points over 
six-hour period. Collagen shields were soaked for two hours in solution 
of gentamicin (40 mg/mL) and vancomycin (50 mg/mL) prior to 
application. Five-drop loading dose of both gentamicin (15 mg/mL) and 
vancomycin (50 mg/mL) drops was followed by hourly application. 


of antibacterial action, and, as a 
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result, few sensitive organisms be- 
come resistant. Various reports of 
microbial susceptibility to vancomy- 
cin have found nearly all strains of 
Staphylococcus and Streptococcus spe- 
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cies to be susceptible to mean inhibi- 
tory concentrations of 10 mg/L or 
less.” Vancomycin and aminoglyco- 
side antibiotics have shown synergism 
against many organisms.’*!”!?' Van- 
comycin penetrates the eye well when 
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applied topically or injected subcon- 
junctivally” and has not caused reti- 
nal changes when as much as 2 mg has 
been injected into the vitreous of 
phakic and  aphakic-vitrectomized 
rabbits." 
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Gentamicin is a broad-spectrum 
antibiotic active against most gram- 
negative bacilli and many gram-posi- 
tive cocci. Streptococci are variably 
resistant, and gram-negative cocci 
and gram-positive bacilli are general- 
ly resistant to concentrations usually 
found im plasma and other biological 
fluids.” Typical peak serum levels of 4 
to 8 mg/L are sought to eradicate 
susceptible organisms. Gentamicin 
penetrates the cornea well when 
applied topically.***> Toxic effects on 
epithelium have been reported,” but 
injection of 230 to 8000 ug of gentami- 
cin into the anterior chamber of rab- 
bit eyes has been well tolerated by 
oeular structures.” Retinal toxicity 
has been observed experimentally fol- 
lowing 400-ug intravitreal injections 
in rabbits.” 

The idea of using a contact lens as a 
delivery device is net new. Studies 
investigating the drug delivery char- 
acteristics of hydrogel (2-hydroxy- 
ethyl methacrylate) lenses revealed a 
number of eonsistent findings. In 
vitro elution studies found that thick- 
er, higher water content hydrogel 
lenses delivered more drug than thin- 
ner, lower water content lenses of a 
similar material.” Nearly all of the 
drug held by presoaked lenses was 
released within the first four hours of 
elution.” The total amount of drug 
delivered by hydrogel lenses was 
dependent en the concentration of 
drug in the seaking solution. ! The 
enhanced drug effect found in eyes 
treated with presoaked lenses com- 
pared with topical drep therapy was 
attributable te bolus administration 
by the lenses rather than sustained 
release.’ Baeteria! ulcer treatment 
was not adversely affected by topical 
application ef antibiotics with a lens 
in place.” High and low water content 
therapeutic soft lenses did not com- 
promise the delivery of aminoglyco- 
side antibiotic when drops were 
applied to rabbit eyes with lenses in 
place.” 

Findings from the in vitro elution 
experiments, with the collagen shields 
soaked in gentamicin, were similar to 
the work done with hydrogel 
lenses.”™? The majority of gentami- 
cin recovered by elution was obtained 
within 30 mmutes (Fig 1). Vancomy- 
cin, on the other hand, was released in 
a slower sustained fashion whether 
the lens was soaked in vancomycin 
alone or in the combined vancomycin- 
; gentamicin mixtures (Fig 2). Approxi- 
mately 55% of parenterally adminis- 
tered vancomycin binds to serum pro- 
teins as epposed to the 20% to 25% 
reported for gentamicin.” This sus- 
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tained release seen with vancomycin 
may be due to reversible collagen 
binding. 

The findings of our in vitro experi- 
ments paralleled the results in rabbit 
corneas. The highest levels of genta- 
micin released in vitro were found in 
initial 30-minute eluates, and peak 
levels in cornea were also found at 30 
minutes. In both cases, a progressive 
decline in levels followed thereafter 
(Figs 1 and 3). The sustained release 
of vancomycin observed in vitro was 
also consistent with the rise in corneal 
levels seen throughout the first three 
hours, which was followed by a 
progressive fall thereafter (Figs 2 
and 4). 

These experiments evaluated drug 
delivery only over a six-hour period. 
The initial peak gentamicin levels in 
cornea were clearly declining over this 
period in the case of collagen shield 
delivery but continued to be many 
times higher than the 4- to 8-mg/L 
therapeutic range that is often used to 
define an organism’s sensitivity to 
gentamicin.” The variation among 
rabbits was large, but the lowest indi- 
vidual corneal gentamicin value (55.1 
ug/g) found at six hours in the first 
experimental group remains five 
times higher than the 10-mg/L peak 
of the therapeutic range for suscepti- 
ble organisms. Corneal levels of van- 
comycin in collagen shield-treated 
eyes were sustained at a high level 
throughout all time points in single- 
agent and combination therapy. 

The optimal concentration of anti- 
biotic to combat infection in tissues is 
unknown. Antibiotic levels in the tis- 
sues may need to be many times high- 
er than those found to be effective in 
vitro.‘ Baum” has shown that the very 
high levels obtainable with subcon- 
junctival injection are no more effec- 
tive in reducing the number of viable 
organisms in corneal tissue than the 
lower sustained concentrations 
achieved with frequent topical appli- 
cation of fortified antibiotic. Glasser 
and associates’ showed that a five- 
drop loading dose of 13.6 mg/mL of 
gentamicin sulfate applied to rabbit 
corneas every minute fòr five minutes, 
combined with an hourly drop, main- 
tained high sustained corneal genta- 
micin levels. We adopted this drop 
regimen as a model of proved aggres- 
sive topical therapy with which the 
impregnated collagen shield could be 
compared. 

The amount of gentamicin per gram 
of cornea that we report is higher 
than that found by others.*?+5 To our 
knowledge, the method of measure- 
ment that we utilized has not been 





used previously tə determine corneal 
gentamicin or vancomycin levels. The 
fluorescent polarization immunoassay 
method represents an improvement 
over the bioassay for the quantitation 
of many antibioties in solution due to 
its fast, reprodueible, and accurate 
results.» 

We have shown that impregnated 
collagen shields are capable of deliv- 
ering high levels of gentamicin and 
vancomycin individually and in com- 
bination with abraded rabbit corneas 
over a six-hour period. Generalization 
of data from anesthetized rabbits to 
humans is complicated by the vari- 
ables of lower rabbit tear volumes and 
reduced blink rate. These factors may 
result in differences in shield dissolu- 
tion dynamics compared with hu- 
mans. Nevertheless, tħe findings are 
very encouraging. Delivery of drugs 
by way of an impregnated collagen 
shield is potentially more comfortable 
and reliable than depending on fre- 
quent around-the-clock application of 
drops or daily subeonjunctival injec- 
tion. The collagen shield is unique in 
that it dissolves on the surface of the 
eye throughout a variable period of up 
to 12 hours. We found that nearly all 
of the lenses removed at six hours 
from rabbit eyes were intact. These 
lenses have been shown to speed epi- 
thelial differentiation and reduce 
stromal swelling in corneal wounding 
studies.” All of these characteristics, 
in combination with the potential for 
improved patient comfort during 
treatment for bacterial keratitis, 
make the collagen shield an attractive 
modality for drug delivery. Additional 
animal studies of bacterial ulcer 
treatment comparing the impreg- 
nated shield and aggressive topical 
therapy will be necessary to further 
define the role of the collagen shield 
in bacterial ulcer management. 
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Treatment of Experimental Pseudomonas Keratitis 
Using Collagen Shields Containing Tobramycin 


Jeffery A. Hobden; James J. Reidy, MD; Richard J. O’Callaghan, PhD; James M. Hill, PhD; 


Michael S. Insier, MD; David S. Rootman, MD 


è To study the effectiveness of colla- 
gen shields containing tobramycin sulfate 
in the treatment of Pseudomonas kerati- 
tis, rabbits weve infected via an intrastro- 
mal injection of Pseudomonas aeruginosa 
and treated 22 hours later with either 
collagen corneal shields rehydrated in 4% 
tobramycin and applied to the cornea or 
4% tobramycin drops. Bacterial killing 
was quantitated by culturing corneal 
homogenates and caiculating the number 
of viable bacteria (coleny-forming units) 
per cornea. Corneas receiving shields 
rehydrated in £% tobramycin and applied 
for four hours demonstrated significantly 
reduced numbers of bacteria compared 
with untreated contro! corneas. The colla- 
gen shields were as effective in reducing 
the number of viable bacteria per cornea 
as 4% tobramycin drops applied every 30 
minutes over a four-hour period. Over a 
nine-hour treatment period, the addition 
of four drops o'f 4% tobramycin to shields 
in situ was as effective as exchange with 
a new shield rehydrated in 4% tobramy- 
cin. These results suggest that collagen 
shields rehycraied in a water-soluble anti- 
biotic such as tobramycin may be an 
effective and-cenvenient mode of therapy 
for Pseudomonas keratitis. 

(Arch Ophthalmo/ 1988;106:1605- 
1607) 


Psaalomoncs aeruginosa is a patho- 

gen that is being encountered with 
increasing frequency in cases of bac- 
terial keratitis.' The high incidence of 
Pseudemonas keratitis has been asso- 
ciated with the use of both daily- and 
extended-wear contact lenses.** These 
lenses can damage the epithelial sur- 
faee, thereby disrupting its function 
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as a barrier. This disruption may 
allow pathogenic organisms, such as 
Pseudomonas, to penetrate the corne- 
al stroma and establish an infection. 
Once an infection is established, pro- 
teolytic enzymes produced by both the 
organism and invading polymorpho- 
nuclear cells cam lead to extensive 
damage to the corneal stroma.** If 
effective treatment is not instituted 
promptly, irreversible corneal scar- 
ring and even perforation may 
result. 

To ensure that bactericidal concen- 
trations of an antibiotic reach the site 
of infection, fortified topical drops are 
usually applied every 15 to 30 minutes 
for the first 48 hours.’* This intensive 
therapeutic regimen is difficult for 
the patient and usually requires hos- 
pitalization to ensure complete com- 
pliance. Subconjunctival injections 
are often used in conjunction with 
topical therapy to deliver high levels 
of drug to ocular tissues in a relatively 
short period of time. These injections 
can be painful and may not deliver 
consistent corneal concentrations of 
antibiotic.” 

Collagen corneal shields (Bio-Cor, 
Bausch & Lomb. Clearwater, Fla) 
rehydrated in an antibiotic solution 
may offer an alternative to current 
modes of therapy. The collagen shield 
was originally designed for use as a 
bandage lens in patients with corneal 
epithelial defects." Once the shield is 
applied to the eye, it dissolves slowly, 
providing constant lubrication of the 
ocular surface and increased patient 
comfort. Collagen shields immersed in 
a solution containing 4% (40 mg/mL) 
tobramycin sulfate and applied to 
rabbit eyes produee tobramycin con- 
centrations in both the cornea and 
aqueous humor well in excess of the 
minimum inhibitory concentration 
(MIC) for Pseudomonas. These con- 
centrations are sustained for up to 
four hours and dedine steadily there- 
after. In patients with corneal infec- 
tions, the use of eollagen shields to 
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deliver antibiotics may reduce the 
need for frequent application of forti- 
fied antibiotics. 

In this study, we determined the 
effectiveness of collagen shields con- 
taining tobramycin in the treatment 
of experimental P aeruginosa kerati- 
tis in rabbits. 


MATERIALS AND METHODS 


New Zealand white rabbits (1 to 3 kg) 
were anesthetized by an intramuscular 
injection of a 1:5 mixture of 100 mg/mL of 
xylazine hydrochloride (Miles Laborato- 
ries, Shawnee, Kan) and 100 mg/mL of 
ketamine hydrochloride (Bristol Laborato- 
ries, Syracuse, NY). One drop of 1% lido- 
caine hydrochloride (Elkins-Sinn Ine, 
Cherry Hill, NJ) was instilled into each 
eye, and nictitating membranectomies 
were performed. Three days following 
these procedures, the rabbits were again 
anesthetized with intramuscular xylazine 
and ketamine, and each eye was injected 
intrastromally with 10 „L of tryptic soy 
broth containing 1360 + 300 (mean + 
SEM) logarithmic phase P aeruginosa, 
strain ATCC 27853. The numbers of bacte- 
ria in the inocula and their susceptibility 
to tobramycin were determined retrospec- 
tively. 

Pseudomonas aeruginosa ATCC 27853 is 
a well-characterized strain employed as a 
reference standard for antimicrobial sus- 
ceptibility testing and is sensitive to a wide 
variety of antibiotics, including tobramy- 
cin.’ The MIC was determined by broth 
tube dilution as previously described." 
Strain 27853 has an MIC of 0.625 ug/mL for 
tobramycin. 

The amount of antibiotic accumulated in 
the collagen shields during rehydration in 
the antibiotic-containing solution was 
examined. Four shields were immersed 
separately in a solution of 4% tobramycin 
prepared by dissolving 1 g of the drug in 25 
mL of sterile, deionized water. One shield 
was removed after ten minutes, one after 
30 minutes, one after 50 minutes, and one 
after 120 minutes. Immediately after 
removal from the rehydrating solution, the 
shields were blotted on filter paper, placed 
in 1 mL of phosphate-buffered saline 
(PBS), homogenized with a tissue homoge- 
nizer (Ultra-turrax, Tekmar Co, Cincin- 
nati) for one minute, and centrifuged for 
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five minutes. The supernatant was ana- 
lyzed for tobramycin content (EMIT assay, 
Smith, Kline Bioscience, New Orleans). 
The tobramycin content of the shield 
immersed for ten minutes (800 ug) was 
similar to the values obtained with shields 
immersed for 30, 60, or 120 minutes (800, 
890, or 800 ug, respectively). Therefore, ten 
minutes was chosen as the immersion time 
for rehydration of the collagen shields in 
the tobramycin-containing solution. 

All treatments were initiated 22 hours 
after inoculation. The collagen shields 
were immersed in the solution of 4% 
tobramycin, as described above, or in the 
control solution (sterile deionized and dis- 
tilled water) for ten minutes at room tem- 
perature. All rabbits receiving shields 
were anesthetized with a 1:5 mixture of 
xylazine and ketamine, the eyes were pro- 
ptosed, and mucopurulent discharge was 
removed with a sterile Dacron swab. The 
shields were applied to the corneas, and 
the eyes were taped shut. Rabbits with 
shields on their corneas were kept anesthe- 
tized throughout the treatment period to 
control shield position. The rabbits receiv- 
ing drops were not anesthetized and were 
not taped during treatment. 

Two experiments were conducted in 
which 15 rabbits were randomly assigned 
to one of seven treatment groups. In exper- 
iment 1, all treatments continued for four 
hours (from 22 to 26 hours after inocula- 
tion). Group 1 (two rabbits, four eyes) 
received collagen shields previously im- 
mersed in 4% tobramycin. Group 2 (two 
rabbits, four eyes) received shields previ- 
ously immersed in sterile distilled water. 
In groups 1 and 2, the shields were applied 
22 hours after inoculation and removed 
four hours later. Group 3 (two rabbits, four 
eyes) received 4% tobramycin drops every 
30 minutes for four hours. Group 4 (three 
rabbits, six eyes) received no treatment. 
All rabbits were killed with an overdose of 
pentobarbital sodium one hour after the 
cessation of therapy (27 hours after inocu- 
lation). 

Experiment 2 was similar to experiment 
1 except that treatment was continued for 
nine hours, beginning 22 hours after inocu- 
lation and ending 31 hours after inocula- 
tion. Group 1 (two rabbits, four eyes) 
received tobramycin-containing collagen 
shields at 22 hours after inoculation; these 
shields were removed and replaced with 
new tobramycin-containing shields five 
hours later, 27 hours after inoculation. 
Group 2 (two rabbits, four eyes) received 
tobramycin-containing shields at 22 hours 
after inoculation, followed by the applica- 
tion of four drops of 4% tobramycin to the 
surface of the shield five hours later, 27 
hours after inoculation. In groups 1 and 2, 
the shields were removed nine hours after 
treatment was initiated (31 hours after 
inoculation). Group 3 received no treat- 
ment. All rabbits were killed 32 hours after 
inoculation, one hour following the cessa- 
tion of therapy. 

The procedure for quantitating viable 
bacteria per cornea has been described 
previously.’ Briefly, the corneas were 
excised and homogenized in 3 mL of sterile 
PBS. An aliquot (0.5 mL) of homogenate 
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Table 1.—Experiment 1: Viable Pseudomonas aeruginosa per Cornea 27 Hours After 
Inoculation After Four Hours of Treatment 


Delivery Method 
Collagen shield 22 h after 
inoculation for 4 h 
Collagen shield 22 h after 
inoculation for 4 h 
Topical drops every 30 
min for 4 h beginning 
22 h after inoculation 


No treatment 





*Expressed as log base 10 + SEM. 
tNot significantly different from each other. 


Significantly different from no treatment, P < .0001. 


§Not significantly different from no treatment. 


Solution 
Delivered 


4% tobramycin 4 
sulfate 


Distilled water 4 


4% tobramycin 4 


Colony-Forming 
Units * 
2.61 + 0.20tł 


No. of 
Corneas 


6.98 + 0.20§ 


2.85 + 0.20tt 


7.33 + 0.20 


Table 2.—Experiment 2: Viable Pseudomonas aeruginosa per Cornea 32 Hours After 


Inoculation After Nine Hours of Treatment 


Delivery Method 
Collagen shields 22 and 
27 h after inoculation 
for a total of 9h 
Collagen shield at 22 h 
after inoculation and 
drops on shield 27 h 
after inoculation 


No treatment 





* Expressed as log base 10 + SEM. 
tNot significantly different from each other. 


Significantly different from no treatment, P < .0001. 


was serially diluted, and 0.1 mL of each 
dilution was plated in triplicate on tryptic 
soy agar plates (TSA, Difco Laboratories 
Inc, Detroit). Bacterial counts were per- 
formed by a “masked” observer. 

Results were analyzed with a Statistical 
Analysis Systems program. An analysis 
of variance was performed on the loga- 
rithm of the number of colonies per cornea. 
Where a significant analysis of variance 
was found, ¢ tests between least-square 
means from each treatment group were 
performed. Colony counts per cornea are 
expressed in base 10 logarithms. 

RESULTS 


The results from experiments 1 and 
2 are summarized in Tables 1 and 2, 
respectively. In experiment 1, collagen 
shields immersed in 4% tobramycin 
and applied to corneas for four hours 
reduced the number of colony-form- 
ing units (CFUs) in corneas by 
approximately 4 logs (10000 CFUs) 
compared with untreated controls 
(P < .0001). The 4% tobramycin drops 
administered every 30 minutes for 
four hours were also effective in 
reducing the number of CFUs com- 
pared with untreated controls 
(P <.0001). Collagen shields im- 
mersed in sterile water did not signif- 
icantly change the number of bacteri- 
al CFUs compared with untreated 
controls (P > .2). In this experiment, 
antibiotic-soaked collagen shields 


Solution 

Delivered 

4% tobramycin 4 
sulfate 


4% tobramycin 


No. of 
Corneas 


Colony-Forming 
Units * 


1.15 + 0.20TF 


1.79 + 0.20łł 


7.41 + 0.28 


were as effective in reducing the 
CFUs as the antibiotic drops 
(P > .4). 

In experiment 2, two successive col- 
lagen shields immersed in 4% tobra- 
mycin and applied to corneas at 22 
and 27 hours after inoculation (group 
1) resulted in a reduction of 5 logs in 
the number of viable bacteria per 
cornea compared with untreated con- 
trols (P< .0001). Group 2, which 
received shields at the beginning of 
treatment (22 hours after inoculation) 
followed by four drops of 4% tobra- 
mycin over the shield about half way 
(27 hours after inoculation) through 
the nine-hour period, demonstrated 
significant reductions in bacterial 
numbers compared with untreated 
controls (P < .0001). There was no sig- 
nificant difference between group 1 
(two shields) and group 2 (shield and 
drops) (P > .06). 


COMMENT 


Contact time, lipid solubility, and 
concentration are important measure- 
ments in determining penetration of a 
compound from the surface of the eye 
into the corneal stroma.” Commercial 
eye drops and ointments have been 
formulated to maximize these factors 
while minimizing toxic side effects. To 
treat deep stromal infections, special- 
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ly prepared, sopical, fortified antibiot- 
ics must be applied frequently to 
achieve bactericidal concentrations. 

The collagen corneal shield is a thin 
membrane made of porcine scleral 
collagen and fashioned in the shape of 
a contact lens. The shield becomes soft 
and pliable when hydrated and can be 
applied directly to the surface of the 
cornea, withsut being fitted, similarly 
to a hydrogel bandage contact lens. 
The shield, which appears to moistur- 
ize and lubrirate as it dissolves, is well 
suited for treating corneal abrasions 
and erosions." 

When the-shield is hydrated with a 
solution containing tobramycin, it 
acts to prelong the contact time of the 
drug with the corneal surface, thus 
improving crug penetration into the 
eye.” A shield hydrated in such a 
manner may be useful in the treat- 
ment of corneal abrasions, providing 
comfort as well as prophylaxis 
against imfection. Collagen shields 
have been shown to facilitate the 
maintenance of bactericidal concen- 
trations of antibiotic in the eye for up 
to four hours and therefore may be 
useful as 2 first-line treatment of 
bacterial keratitis.” Similarly, post- 
operative patients might benefit from 
the protectwe and prophylactic prop- 
erties of shizlds presoaked in an anti- 
biotic solution. 

This study demonstrates that colla- 
gen shields mmersed in 4% tobramy- 
cin were at least as effective as 4% 
tobramycin drops administered every 
30 minutes ever the same time period. 
Although 4% drops were used in this 
study, in məst clinical situations 1% 
to 2% tobramycin drops are usually 
employed. In these experiments, the 
total quantity of tebramycin applied 
directly to the cornea with a collagen 
shield (800 =g) was approximately one 
twentieth of the total quantity 
applied using 4% drops every 30 
minutes over four hours (18 mg), 
which impties that collagen shields 
are a more effective means of drug 
delivery than frequent application of 
fortified dmops. Collagen shields are 
also more convenient than frequent 
applicatiens of topical drops. 

Our results establish that both 
shield exckange and the addition of 
drops to shields in situ are equally 
effective in reducing the number of 
viable bacteria present in infected 
corneas. Collagen shields immersed in 
sterile water and applied to infected 
corneas dEl not affect the natural 
course of the infection. 

In this study, all rabbits treated 
with collagen shields were kept anes- 
thetized with their eyes taped shut. 
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While shield retention is not a prob- 
lem in humans with corneal abrasions 
treated with collagen shields, prelimi- 
nary studies performed in our labora- 
tory have shown that shields can be 
displaced out of the eyes of active, 
caged rabbits. Therefore, anesthesia 
and eye closure were used in the shield 
treatment groups to guarantee main- 
tenance of proper shield position for 
the duration of the treatment period. 
The elimination of the blink reflex 
may have increased drug levels in 
these rabbits by altering lacrimal 
drainage. However, the total dose of 
tobramycin applied to each cornea by 
the collagen shield is so much smaller 
than the amount that was made avail- 
able by the regimen of topical drops 
that the significance of these method- 
ologic differences may not be impor- 
tant. 

As with any nonprimate animal 
model, one must be cautious when 
attempting to extrapolate data to 
humans. There are several potential 
problems that may be important dur- 
ing the clinical use of these devices. 
One such potential problem would be 
the incorporation of concentrated 
aqueous antibiotic solution into the 
shields. The concentration of tobra- 
mycin used in this study is readily 
available in injectable form and may 
be used to rehydrate shields. While 
effects on epithelial wound healing 
using shields impregnated with 4% 
tobramycin remain to be determined, 
preliminary studies have demon- 
strated no toxic effects on normal 
rabbit corneas.’? Another potential 
problem is shield placement. If shields 
need to be replaced periodically over a 
24-hour period, their use would 
depend on the availability of specially 
trained personnel. However, the 
results from this study suggest that 
periodic supplemental topical dosing 
of shields in situ is as effective as 
replacement with new shields. This 
might enable the physician to replace 
the shield only once every 24 hours. 
Finally, infected eyes are often highly 
sensitive and painful. How will these 
eyes tolerate a collagen shield? Epi- 
thelial defects often associated with 
bacterial keratitis are at least partial- 
ly responsible for patient discomfort. 
Placement of a collagen shield may 
increase patient comfort by reducing 
the irritating effects of the eyelids. 

This study demonstrates that colla- 
gen corneal shields, immersed in the 
water-soluble antibiotic tobramycin, 
are effective in the treatment of 
experimental Pseudomonas keratitis. 
We anticipate that many other water- 
soluble compounds can be delivered by 


hy Sy ATV" ES ae ee Tee. 
-y . ' 2 pe; | b 
-ad 


Pseudomonas Keratitis —Hobden et al 


collagen shields. Further studies are 
warranted to establish the long-term 
efficacy and safety of shields as a 
means of ocular drug delivery and 
chemotherapy. 
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Fluorescein Angiographic, Histologic, and Ultrastructural Alterations 
in the Choroid, Retinal Pigment Epithelium, and Retina 


Angela J. Royster; Sumit K. Nanda, MD; Diane L. Hatchell, PhD; James S. Tiedeman, MD, PhD; 
Jonathan J. Dutton, MD, PhD; Marion C. Hatchell 


è A new method of producing vascular 
occlusion, photochemical activation of 
intravenously injected rose bengal, was 
used to produce experimental thrombosis 
of the preretinal and choroidal blood ves- 
sels in rabbit eyes. Fluorescein angiogra- 
phy and light and electron microscopy 
were used to describe the resultant 
pathologic alterations over time. As early 
as one hour after treatment, the endothe- 
lium of both preretinal and choroidal 
blood vessels was severely damaged or 
completely obliterated, and platelet 
aggregates occluded the vascular lumina. 
Occlusion of the preretinal and choroidal 
blood vessels persisted for up to three 
days; however, endothelial regeneration 
and reperfusion had occurred in both vas- 
cular beds by seven days. In addition, the 
retinal pigment epithelium and myelin 
wings suffered ischemic damage. The ret- 
inal pigment epithelium began to recover 
by seven days, but the myelin wings 
appeared to be irreversibly damaged. 

(Arch Ophthalmol 1988;106:1608- 
1614) 
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Photochemical initiation of throm- 

bosis with intravenously injected 
rose bengal has recently been used to 
produce vascular occlusion in rat 
brain as a model for stroke,' to treat 
corneal neovascularization in a model 
of lipid keratopathy,’ and to produce 
vascular occlusion in the preretinal 
vessels of rabbit eyes in our laborato- 
ry.. In the latter study, temporary 
occlusion of the choriocapillaris was 
also observed, but the histologic and 
ultrastructural changes in the cho- 
roid, retinal pigment epithelium 
(RPE), retina, and myelin wings 
(medullary rays) at various times 
after treatment were not described. 
The purpose of this communication is 
to describe those changes and to cor- 
relate them with the fluorescein 
angiographic appearance at various 
times between one hour and 28 days. 


MATERIALS AND METHODS 


Fourteen pigmented rabbits that 
weighed from 2 to 3 kg were used in these 
experiments. All procedures were per- 
formed in accordance with the Association 
for Research in Vision and Ophthalmology 
(ARVO) resolution on the use of animals in 
research. The rabbits were anesthetized 
with 30 mg/kg of ketamine hydrochloride 
and 6 mg/kg of xylazine hydrochloride, 
and the eyes were dilated with phenyleph- 
rine chloride (5%) and tropicamide 
(0.25%) for all procedures. Pretreatment 
fundus photography and fluorescein angi- 
ography were performed on the rabbits 
using a fundus camera (Topcon TRC 50VT, 
Topcon Instrument Corp, Paramus, NJ). 
Aqueous fluorescein sodium (10%) was 
injected through the marginal ear vein (0.1 
mL/kg) immediately before fluorescein 
angiography. 


Rose bengal (tetrachloro-tetraiodo fluo- 
rescein sodium) was prepared as a 7.5- 
mg/mL solution in 0.9% sodium chloride, 
and it was subjected to 0.22-um filtration.’ 
For treatment, the rabbit’s head was posi- 
tioned in a stereotactic device, and rose 
bengal was injected intravenously (10 mg/ 
kg) through the marginal ear vein. One 
minute following the injection, an area of 
preretinal vessels on the nasal myelin wing 
of the right eye was exposed to filtered, 
focused light. The area of exposure was 
approximately 1 disc diameter. A 300-W 
xenon arc lamp (Clinitex, Varian Asso- 
ciates Inc, Danvers, Mass) was used to 
produce the light beam, filtered to a center 
wavelength of 550 nm with a tolerance of 
+10 nm (the absorption maximum of rose 
bengal) with a band pass filter having a 
bandwidth of 70 nm. The dose at the cornea 
was 30 J and was delivered at a power of 
125 mW/cm* As a control, an area of 
preretinal vessels on the temporal wing of 
the right eye was exposed to the filtered, 
focused light before rose bengal injection. 

Immediately following light treatment, 
fundus photography was performed to doc- 
ument any immediate changes. Fundus 
photography and fluorescein angiography 
were performed at 3-, 7-, 14-, 21-, and 
28-day intervals after treatment in six 
rabbits to document vessel occlusion, 
reperfusion, or possible neovasculariza- 
tion.’ The other eight rabbits were killed 
by intracardiac injection of 100 mg/kg of 
pentobarbital sodium to study the histo- 
logic and ultrastructural changes occur- 
ring at similar times after treatment (ie, 
one hour and 1, 3, 7, 14, 21, and 28 days). 

The right eyes were enucleated and fixed 
in a 1:1 solution of 4% paraformaldehyde 
and 5% glutaraldehyde overnight. The eye 
was opened, and the posterior segment was 
fixed for 90 minutes in buffered osmium 
tetroxide. The tissue was then washed 
three times with the phosphate buffer, 
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Fig 1.—Top taft, Fluorescein angiogram before treatment shows normal perfusion of blood vessels of nasal myelin wing and 
cheroid of rabbit. Top right, One hour after treatment, fluorescein angiogram from another rabbit shows complete occlusion of 
preretinal circulation and area of decreased background fluorescence (arrows), indicating choroidal nonperfusion (from 
Nanda et al). Bottom left, Three days after treatment, ‘uorescein angiogram shows early reperfusion of preretinal 
vasculature in same rabbit as at top left. Choroid remains nonperfused in treated area (between arrows). Bettom right, 
Fourteen days after treatment, fluorescein angiogram of another rabbit shows reperfusion of distal preretinal vessels and 
cheroid (between arrows). 


dehydrated for ten-minute intervals in 
inereasing concentrations of ethyl alcohol, 
and embedded in a low-viscosity epoxy 
resin. Thick sections for light microscopy 
were stained with methylene blue and 
basic fuchsin. Thin sections for electron 
microscopy were stained with uranyl ace- 
tate-lead citrate. 


RESULTS 
RPE and Choroid 


Fluorescein angiography showed 
occlusion of the choroidal vasculature 
through day 3 (Fig Ð. Light and elec- 
tron microscopy at ene hour after 
treatment showed endothelial damage 
(thin electron-dense cytoplasm) or 
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absence in the choroidal capillaries 
(Fig 2). The vessel lumina were filled 
with cellular debris, aggregated plate- 
lets, and degenerating red blood cells. 
Bruch’s membrane appeared to be 
intact, but the RPE and outer seg- 
ments were somewhat disrupted (Fig 
2). 

At day 3, the choriocapillaris was 
still occluded, but the endothelium 
appeared to be regenerating in some 
places (Fig 3). The membranous 
infoldings of the RPE cells adjacent to 
the choriocapillaris were reduced in 
number, and tubu_ar structures were 
seen in the cytoplasm. 

Fluorescein angiography at day 7 
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and later intervals showed progres- 
sive reperfusion of the choroidal vas- 
culature (Fig 1, bettom right). The 
endothelium appeared to be intact at 
day 7 and later with no evidence of 
debris within the capillary lumina. 
The RPE cells appeared to be regener- 
ating. The basal infoldings were 
intact, and the pigment granules were 
beginning to resume their normal ori- 
entation. At day 14, light and electron 
microscopy showed new endothelial 
cells lining the ehopoidal vessels, 
which had reperfused (Fig 4). Many 
outer segments were present near the 
tips of the RPE cells. The RPE contin- 
ued to show progressive regeneration 
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Fig 2.—Left, Light photomicrograph at one 
hour after treatment. Choroidal capillary (cc) 
is full of debris, and retinal pigment epithelium 
(arrowheads) and photoreceptors appear to 
be damaged (methylene blue and basic fuch- 
sin, original magnification X560). Right, Elec- 
tron micrograph shows platelet debris (PI) 
within lumen of choroidal capillary. Endotheli- 
um has been damaged, and only thin strip of 
electron-dense cytoplasm remains. Retinal 
pigment epithelium (arrow) has electron- 
dense, vacuolated cytoplasm. Bruch’s mem- 
brane is intact (original magnification 
X7000). 


Fig 3.—Electron micrograph three days after 
treatment. Choroidal capillaries are occluded 
with red blood cells (RBC). Endothelium is 
discontinuous. Retinal pigment epithelium 
shows disorganization of infoldings of basal 
membrane, and tubular structures are seen in 
cytoplasm. Outer segments are artifactually 


detached (original magnification 8300). 
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Fig 4.—Top, Light photomicrograph at 14 
days after treatment shows retinal pigment 
epithelium (RPE) (arrow) beginning to look 
normal, reperfusion of choriocapillaries (cc), 
and normal alignment ef outer segments 
(methylene blue and basic fuchsin, original 
magnification X720). Bottom, Electron micro- 
graph shows new endothelium (arrow) of cho- 
roidal vasculature and partial recovery of RPE. 
Outer segments are present at apical surface 
of RPE cell (original magnification X4000). 


Fig 5.—Light photomicrograph at one day 
after treatment shows occlusion of preretinal 
vessels (arrows) with endothelial damage. 
Vacuolization, due to ischemic damage, is 
seen in myelin wings {methylene blue and 
basic fuchsin, original magnification X330). 
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Fig 6.—Left, Light photomicrograph at seven 
days after treatment. Preretinal vessels have 
reperfused, but myelin wings (arrow) show 
moderate ischemic damage (methylene blue 
and basic fuchsin, original magnification 
X520). Right, Electron micrograph of reper- 
fused preretinal vessel with enlarged endothe- 
lial cells (original magnification 7000). 


Fig 7.—Light photomicrograph at 28 days 
after treatment shows intact, reperfused, pre- 
retinal vessels overlying severely damaged 
myelin wings (methylene blue and basic fuch- 
sin, original magnification X720). 
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up to day 28 at which time it looked 
nearly normal. 


Preretinal Vessels and Myelin Wings 


Fundus photography, performed 
immediately after rose bengal treat- 
ment, documented stoppage of blood 
flow in the preretinal blood vessels in 
the treated area. Light and electron 
microscopy showed severe endothelial 
damage in the preretinal vessels with 
aggregated platelets and cellular 
debris within the arterial lumina. The 
myelinated nerve bundles of the med- 
ullary rays beneath the occluded pre- 
retinal vessels appeared to be slightly 
damaged. 

At day 1, fluorescein angiography 
showed complete occlusion of the 
preretinal vessels in the treated area, 
but no retinal detachment. When 
examined by light and electron 
microscopy, the arterial lumina con- 
tained stagnant red blood cells, endo- 
thelial cell debris, and platelet aggre- 
gates (Fig 5). The myelinated nerve 
bundles of the medullary rays showed 
early ischemic damage (Fig 5). By day 
3, partial or complete reopening of the 
arteries was seen (Fig 1, bottom left). 
Electron microscopy showed endothe- 
lial cell regeneration in some prereti- 
nal vessels, while their lumina still 
contained debris. The myelinated 
nerve fibers showed ischemic damage 
similar in severity to that seen at 
day 1. 

At 7 and 14 days after treatment, 
the preretinal vessels appeared to be 
completely reopened in fluorescein 
angiograms. Light and electron 
microscopy showed endothelial cells 
bulging into the lumina of some ves- 
sels, suggesting new endothelium (Fig 
6). The myelinated nerve bundles 
showed moderate damage. The myelin 
was absent in some places, and some 
nerve fibers had disappeared. 

At day 28, the myelinated nerve 
bundles showed severe ischemic dam- 
age, but the preretinal vessels were 
intact and had reperfused (Figs 7 and 
8). 

No vascular occlusion or other dam- 
age was seen at any time in the pre- 
retinal vessels of the control myelin 
wings that were treated with light 
before the rose bengal injection. 


COMMENT 


Rose bengal is a chloride-substi- 
Fig 8.—Top, Electron micrograph of myelinated nerve bundles of myelin wings in normal rabbit tuted xanthene-type dye that, when 
eye (original magnification X4000). Bottom, Electron micrograph of myelin wings 28 days after exposed to filtered, focused light at its 
treatment shows severe damage. Nerve fibers have completely degenerated (original magnifica- peak absorption wavelength (550 nm), 
tion *7000). generates oxygen singlets. This is 
achieved through the photoexcitation 
of rose bengal to its triplet state, then 
transfer of the energy to oxygen, pro- 
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ducing singlet oxygen.’ The singlet 
oxygen can react with lipids, proteins, 
or nucleic acids of cells, leading to 
oxidation of cellular components.’ 
Photochemical oxidation of rose ben- 
gal has been shown to disrupt mem- 
brane proteins and lipids, decrease 
bicarbonate flux and active transport 
of sodium, decrease water movement 
and ionic transport, and cause swell- 
ing of the endoplasmic reticulum and 
mitochondria in corneal endotheli- 
um.*’ Peroxidation of endothelial cell 
lipids by singlet oxygen is the mecha- 
nism of membrane damage and, in 
blood vessels, may serve as the initial 
stimulus for platelet adhesion and 
aggregation.' Hermann,’ using fluo- 
rescein conjugated to dextran as the 
photosensitizer, found that quenchers 
of singlet oxygen inhibited the accu- 
mulation of platelets in irradiated 
arterioles of the hamster cheek 
pouch. 

In our study, the endothelial cells of 
both the preretinal and choroidal ves- 
sels showed damage after the pho- 
toactivation of rose bengal. Platelet 
adhesion and aggregation then pro- 
duced thrombosis of the vessels. 
Regeneration of the endothelial cells 
began at day 7 and by day 28 ap- 
peared to be complete. In a study of 
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primate retinas, Smiddy et al’ re- 
ported that maximum regeneration of 
choroidal vascular endothelial cells 
and RPE occurred four to five days 
after krypton laser photocoagulation. 
Perry and Risco” studied the repair of 
choroidal microvasculature in the cat 
after argon laser photocoagulation, 
and they reported changes that indi- 
cated repair as early as ten days fol- 
lowing treatment, with almost com- 
plete refilling by 30 days after treat- 
ment. 

Similarly, the cells of the RPE were 
initially damaged but began to show 
repair by day 7. Damage to the RPE, 
however, was most likely due to the 
ischemic insult rather than direct 
damage by singlet oxygen. Oxygen 
singlets, released by the photoactiva- 
tion of rose bengal, diffuse less than 
0.1 um.‘ The lumen of the choriocapil- 
laris is about 20 to 50 um in diameter, 
and the endothelial cell thickness is 
about 5 um. 

The erythrocytes also showed evi- 
dence of damage. In vitro, fluorescein 
dyes have been shown to produce pho- 
tohemolysis of red blood cells.” 

The myelinated nerve bundles of 
the medullary rays showed damage 
beginning at day 1, which progressed 
in severity until day 28. This gradual 
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degeneration was most likely related 
to the ischemia that resulted from 
occlusion of the preretinal vessels. 
The ischemic damage does not appear 
to be reversible, since the preretinal 
vessels began refilling by day 3, while 
the underlying medullary rays 
showed progressive degeneration, 
even after the blood supply had been 
completely restored. Teich” reported 
complete disappearance of myelinated 
retinal nerve fibers in a 58-year-old 
man following branch retinal artery 
occlusion. Similar findings have been 
reported after diabetic optic atrophy, 
pituitary tumor, glaucoma, and cen- 
tral retinal artery oeclusion."” 

In summary, we have shown that 
temporary vascular occlusion can be 
produced in the choroidal and prereti- 
nal blood vessels of rabbit retina by 
photochemical activation of intravas- 
cular rose bengal. This technique 
could lead to a new treatment modali- 
ty for ocular neovaseularization. 
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Bank and Visual Research Foundation (Ms Roys- 
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Ultrastructural Evidence for Lymphatic Capillaries 
in the Primate Choroid 


Wolf Krebs, DVM, Ingeberg P. Krebs, MD 


è In the choroid of three cynomolgus 
monkeys (Macaca irus) and of one 
saboon (Papio anubis) lymphatic capillar- 
ies were demonstrated by transmission 
electron microscopy. 

(Arch Ophtkaimol 
1616) 


jens ehoroid not only plays a sub- 
stantial role in draining fluids 
from the eye," it also may be a part of 
the cerebrospinal fluid absorption 
system of the brain.’ * In view of the 
high extravasal flow ef fluids in the 
choroid, it isssurprising that lymphat- 
ie vessels have not been demonstrated 
in this tissue. This repert presents the 
Arst evidence fer the presence of lym- 
hatice capillaries in the choroid of the 
eynomelgus monkey (Macaca irus) 
and the baboon (Papio anubis). 


1988; 106: 1615- 


MATERIALS AND METHODS 


Eyes of three cynomolgus monkeys and 
of one baboon were fixed by immersion in 
a glutaraldehyde-formaldehyde fixative 
buffered with 150 mmol of sodium cacodyl- 
ate at a pH of 7.4. Pieces of retina and 
ehoroid were excised with a fine trephine, 
using as little pressure as possible. The 
material was postfixed with osmium 
tetroxide and embedded in epoxy resin. 
Ultrathin sections were stained with ura- 
nyl acetate-lead citrate. The details of the 
methods have been previeusly described. 


RESULTS 


In the choroid of the eyes of the four 
primates, distinct spaces are evident 
that contain amorphous material and 
no collagen and that are delineated by 
extremely thin and irregular cellular 
walls (Fig 1). Occasionally, the wall 
cells become thicker and have a nucle- 
us with dispersed chromatin (Fig 1). 
The cytoplasm of these cells contains 


rough endeplasmic reticulum, free 
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ribosomes, mitochondria, and, adja- 
cent to the nucleus, Golgi cisternae. 
The surface facing the extracellular 
matrix is incompletely covered by an 
external basement lamina (Figs 2 
through 4). Neighboring cells overlap 
considerably and they are connected to 
each other by adhering and occluding 
junctions (Fig 2). On occasion, open 
gaps are seen between the cells. Fine 
extracellular anchoring filaments in- 
sert focally at the external plasma 
membrane (Figs 2 through 4). At points 
of insertion, the cytoplasmic mem- 
brane is stained intensively (Fig 3). 
These structures were abundant. 
They were found in all sections of the 
stroma vascularis that were exam- 
ined. After identification by electron 
microscopy, they could be seen by 


light microscopy in  0.5-um-thick 
(semithin) sections, stained with tolu- 
idine blue. 


COMMENT 


The lack of a contimuous external 
basement lamina, the presence of 
anchoring filaments, the relatively 
primitive intercellular junctions, and 
the gaps between the cells and the 
thin and irregular walls allow the 
unequivocal conclusion that these 
structures are lymphatic capillaries.‘ 
These lymphatic capillaries of the pri- 
mate choroid are morphologically 
indistinguishable ‘rom those de- 
scribed in other tissues of other spe- 
cies.°? 

We are unaware of previous publi- 
cations concluding that lymphatics 


Fig 1.—Lymphatic capillary in choroid of baboon. C indicates collagen; LC, lumen of the 
lymphatic capillary; M, melanocyte; and N, choroidal nerves. Locations of Figs 2 and 3 are 
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marked by frames (original magnification X 11 000). 
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exist in the choroid. However, Gomez 
et al* have recently described “choroid 
veins and venules with the character- 
istics of lymphatic vessels” in the 
rabbit. Therefore, other species also 
may have lymphatic vessels in their 
choroid. It is of interest that another 
tissue, previously believed to be free 
of lymphatics, the dura mater enceph- 
ali, also has been found recently to 
contain lymphatic capillaries.’ 

The precise functional role of the 
choroidal lymphatic capillaries is not 
known. One possibility is that the 
lymphatic vessels form a separate 
system, facilitating fluid movements 
from the choriocapillaris through the 
stroma vascularis toward the supra- 
: ge choroid. A second possibility is that 
Fig 2.—Junctions between endothelial cells. af indicates anchoring filaments; b, patch of they are part of a larger draining 
basement lamina; arrow, adhering junction; and arrowhead, occluding junction (original magnifi- System. The first possibility is sup- 
cation X41 000). ported by Kelly et al and Shen et al” 
who reported that the extracellular 
space of the choroid in the hamster 
eye is a distinct compartment, sepa- 
rate from the interstitium of the 
remaining uvea. The second possibili- 
ty is favored by the view of Gomez et 
alt who found that in the rabbit the 
cerebrospinal fluid is drained from 
the subarachnoidal space of the optic 
nerve via the choroid. 
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The new EOL Laser Indirect 
Delivery System produces 
superior magnification withou' 
fundus image distortion. 


Treat patients in your office, 
operating room, or on an out- 
patient basis. Patients can be 
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Cost Effectiveness- 
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e Cloudy Vitreous Cavity 
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Pediatrics 
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Multi-specialty group seeks board 
eligible/certified Ophthalmologist. 
Tremendous opportunity to help 
develop new department. Excellent 
guaranteed salary and benefits 
package with production incen- 
tives. Send C.V. to: 


Medical Director 
Health First Medical Group 
850 Ridge Lake Blvd 
Memphis, TN 38119 

EOE 


Academic positions, Asst/Assoc 
Professor, with the State University 
of New York at Buffalo in the 
following areas: 


Cornea 

Glaucoma 

Retina 

Director of Resident Education 


BE/BC. Teaching and research. 
SUNY Buffalo is an AA/EEO 
employer. 
Send CV to: 

Ophthalmology Dept. 


ECMC, 462 Grider St. 
Buffalo, NY 14215 


GLAUCOMA 
SUBSPECIALIST 


Busy referral subspecialty practice 
seeks full-time glaucoma subspe- 
cialist. Applicant must be fellow- 
ship trained, board certified or 
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include clinical research. 


All qualified applicants please con- 
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Mrs. Anna Settle 
9002 North Meridian Street, 
Suite 100 
Indianapolis, IN 46260 
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Photo Essay 





Edited by Malcolm N. Luxenberg, MD 


Plasmacytoma of the Orbit 





Fig 1.—Full-face view of patient in right 
gaze. 


76-year-old man with known plasmacy- 
tosis and anemia presented with pro- 
gressive loss of vision in his left eye. 
Though multiple myeloma rarely involves 
the orbit, a series of patients presenting 
with proptosis has been described.' This 
patient is unusual in that he was not 
otherwise symptomatic." Serum immuno- 
electrophoresis showed monoclonal IgA x, 
and Bence-Jones proteinuria was present. 
There was no known lytic bone disease. 

The ocular history was significant for 
diplopia and epiphora of three months’ 
duration as well as progressive proptosis 
with accompanying throbbing periorbital 
pain of two weeks’ duration. 

Ophthalmic examination revealed a 
visual acuity of 20/30 OD and hand 
motions in the left eye. A 3+ Marcus Gunn 
pupil, restriction in all fields of gaze, and 6 
mm of proptosis were recorded in the left 
eye (Fig 1). Tensions were 18 OD and 26 
OS. Results of slit-lamp biomicroscopic 
examination were significant for 5 mm of 
ptosis, conjunctival hyperemia, and de- 
creased corneal sensation in the left eye. 
Results of indirect ophthalmoscopy were 
within normal limits in both eyes. 

A rare orbital mass lesion, a plasmacyto- 
ma, was suspected. Computed tomographic 
examination revealed a large mass in the 
left orbit, with evidence of bony destruc- 
tion at the level of the greater wing of the 
sphenoid (Fig 2). High-dose intravenous 
steroid therapy was begun. 

Results of aspiration biopsy under ultra- 
sound guidance showed sheets of moder- 
ately differentiated plasma cells and 
mitotic figures (Fig 3), diagnostic of plas- 
macytoma. Local irradiation (80 Gy in 11 
fractions) and chemotherapy (20 mg/d of 
melphalan and 100 mg/d of prednisone) 
were instituted immediately. The patient’s 
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Fig 2.—Computed tomographic scan of patient on admission. Note large orbital mass with bony 


excavation. 
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Fig 3.—Cytologic specimen. Note large numbers of plasma cells and mitotic figures (Wright's 


stain, original magnification X 1000). 


ocular motility and visual acuity (20/100 
OS) improved within 24 hours. Two months 
after treatment the patient had full ocular 
motility, and his visual acuity was 20/25 


GEORGE TuNG, MD 
PAUL T. FINGER, MD 
IRWIN KLEIN, MD 
QUINTUS CHESS, MD 
Manhasset, NY 
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Surgical Techniques 


Echographic Verification of Radioactive Plaque Position 


in the Treatment of Melanomas 


David F. Williams, MD; William F. Mieler, MD; Michael Lewandowski, RDMS; Maurice Greenberg, MD 


@ Visualization of the position of an 
episcleral plaque in relation to the under- 
lying choroida! melanoma during the early 
radiation treatment period reconfirms 
accurate plaque location and may help 
assure optimal treatment. We used high- 
resolution B-scan echography to confirm 
the position of the episcleral plaque in 16 
consecutive cases of choroidal melano- 
ma. The technique is most useful for 
well-defined tumors s small as 3 mm in 
height whose anterior border does not 
extend beyond the ora serrata. 

(Arch Ophthaimo! 1988;106:1623- 
1624) 


reatment of cheroidal melanoma 

utilizing brachytherapy requires 
that an episeleral plaque be accurate- 
ly placed over the base of the tumor 
and that all tumor margins be cov- 
ered. Visualization of the plaque 
perimeter in relation to the tumor 
borders after surgical placement of 
the plaque improves the accuracy of 
the plaque placement. A technique 
utilizing a modified fiberoptic light 
pipe for confirmation of plaque posi- 
tien has been described by Robertson 
et al,’ and an alternative fiberoptic 
light pipe to aid in plaque positioning 
has been reported by Snyder et al.’ 

Confirmation of plaque position 
using echography has been difficult in 
the past due to inadequate contrast of 
acoustic echos from the plaque vs 
those from other orbital structures. A 
method utilizing a modified dummy 
plaque with increased ultrasonic visi- 
bility for mitial plaque localization 
has been described? 

We routinely use standardized 
echography for evaluation and biome- 
try of choroidal mass lesions*; howev- 
er, only the high-resolution B-scan 
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component is employed for plaque 
localization. The new high-resolution 
B-scan units provide improved acous- 
tic visualization. 


MATERIALS AND METHODS 


Radioactive plaque placement is accom- 
plished by exposing the sclera over the 
base of the tumor. The tumor borders are 
identified using scleral depression, transil- 
lumination, or both. The borders are then 
marked on the sclera with a surgical mark- 
ing pen or with diathermy. A properly 
sized plaque, large enough to provide a 
2-mm margin arcund all borders, is then 
sutured to the sclera overlying the tumor 
base. Confirmation of plaque location is 
obtained during surgery and during the 
early postoperative period. During sur- 
gery, the plaque position is confirmed with 
the technique described by Robertson et 
al.' On the first day of radiation treatment, 
a high-resolution B-scan echography unit 
(CooperVision System IV Digital, Irvine, 
Calif) is used to reconfirm the plaque 
position. The patient is asked to look in the 
direction of the mass, and the B-scan probe 
is placed on the sclera or eyelid directly 


opposite the lesion. The lesion is then 
scanned while the acoustic shadowing 
caused by the strong reflectance of the 
metallic plaque is correlated to the edges 
of the lesion (Fig 1). Photographic docu- 
mentation of this artifact is obtained 
through the lesion’s vertex. This technique 
is feasible even on small melanomas (Fig 
2). Transverse (cross-sectional) and longi- 
tudinal (radial) views are obtained to 
ensure that optimal localization of the 
plaque has been accomplished. 


RESULTS 


Echographic verification of the 
radioactive plaque position was done 
in 16 consecutive cases of choroidal 
melanoma. In each imstance, we were 
able to confirm accurate plaque place- 
ment and positioning. In no case was 
repositioning of the plaque neces- 
sary. 


COMMENT 


When brachytherapy with lower 
energy y-emittors or with 8-emittors 
is used, accurate plaque position is 


Fig 1.—Echographic location of episcleral plaque. Relationship of edge of plaque (black arrows) 
to tumor margin (white arrows) can be clearly seen in this transverse B-scan ultrasound. 
Echolucent area posterior to plaque represents shadowing caused by high acoustic reflectance 
of plaque. 
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Fig 2.—All transverse views. Top, B-scan 
echography of small choroidal melanoma 
before plaque application. Center, Same eye 
with radioactive plaque (black arrows) at high 
system sensitivity. Bottom, Reduced system 
sensitivity more clearly demonstrates plaque 
borders (white arrows). 


paramount in successfully treating 
choroidal melanomas. Echographic 
localization of plaque position offers a 
method of verifying plaque position, 
either during surgery or during the 
early radiation treatment period. This 
may be especially useful if there is 
concern over potential shifting of 
plaque position or even tilting of the 
plaque during the radiation treat- 
ment. Early detection of plaque mal- 
position would allow repositioning to 
maximize treatment efficacy. 

Plaque position over tumors as thin 
as 3 mm can be accurately assessed, 
although the technique is most useful 
for eyes that contain a well-defined 
tumor with sharp margins. In lesions 
with flatter, indistinct margins, or 
those whose anterior border extends 
anterior to the ora serrata, echogra- 
phy may not fully identify the extent 
of the tumor. In these cases, echo- 
graphic localization of the episcleral 
plaque may not be optimal and intra- 
operative transillumination of the 
position of the plaque with regard to 
the tumor borders should be relied 
on. 

Although marginal misses (recur- 
rences) may occur with brachythera- 
py due to flat or nonpigmented tumor 
extension along the borders, echo- 
graphic localization provides a useful 
means of verifying plaque position 
during the radiation treatment peri- 
od. Long-term follow-up is needed in 
all cases to determine the efficacy of 
the treatment itself. 





This study was supported in part by an unre- 
stricted grant from Research to Prevent Blind- 
ness Inc, New York. 

The authors have no commercial or propri- 
etary interest in the product described herein. 
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Upper Eyelid Crease Surgical Approach to Dermoid 
and Epidermoid Cysts in Children 


Jan W. Krenish, MD, Richard K. Dortzbach, MD 


@ The treatment of choice for subcuta- 
neous and orbital dermoid and epider- 
moid cysts in children is surgical excision. 
Numerous surgical approaches have been 
advocated to excise these lesions from 
the eyelid and anterosuperior orbit. Our 
technique for this procedure involves an 
approach through an upper eyelid crease 
incision. The advantages over alternative 
methods include (1) excellent exposure of 
eyelid and anterior orbital structures, (2) 
familiarity to most eyelid surgeons, (3) 
minimal dissection with little risk to vital 
anatomic structures, (4) simple wound 
closure, and (5) excellent final cosmetic 
result with a scar that is well-hidden. We 
have utilized this technique in 24 patients 
with excellent results and no complica- 
tions. 

(Arch Ophthaimo/ 
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1988; 106: 1625- 


urgical excision is the primary 

treatment modality of dermoid 
and epidermoid cysts, which are usu- 
ally located either subcutaneously in 
the upper eyelid or eyebrow or anteri- 
orly in the superier orbit and are 
among the most common eyelid and 
orbital tumors in children.'* The vari- 
ous approaches advocated to remove 
these cysts involve dissection directed 
through an initial incision made in 
the following lecations: (1) directly 
over the mass**; (2) above, below, or 
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through the brow and parallel to the 
superior orbital rim”’; (3) superome- 
dially with a Lynch incision’; (4) in the 
medial portion of the upper lid with a 
transmarginal eyelid-splitting inci- 
sion”; (5) through a lateral canthoto- 
my incision’; or (6) in the natural 
upper eyelid crease.”*!! The advan- 
tages and disadvantages of each of 
these techniques must be carefully 
evaluated. 

Dermoid and epidermoid cysts in 
the upper eyelid and superolateral 
orbit are traditionally approached 
through incisions made either adja- 
cent to the brow or directly over the 
mass in the region of the superior 
orbital rim.*? While these approaches 
yield adequate exposure with minimal 
dissection of important structures, 
they often result in a prominent scar, 
given the thicker eyelid and brow skin 
in this area and the more visible 
location of the scar. The lateral can- 
thotomy incisien, while useful for 
numerous eyelid procedures, is usual- 
ly inadequate to provide the necessary 
exposure for orbital cysts in this loca- 
tion.”° 

Superomedial orbital tumors usual- 
ly have been approached through a 
Lynch incision, which is made from 
the brow near the supraorbital notch 
and curved inferonasally over the 
orbital rim to the level of the medial 
canthal tendon. This approach is best 
suited for tumors located more deeply 
in the orbit; however, it risks damage 
to the trochlea and the superior 
oblique tendon and medial rectus 
muscles and may cause webbing of the 
lid skin as well as an obvious scar.” 
An incision made directly over a der- 
moid or epidermoid cyst located sub- 
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cutaneously in the medial upper eye- 
lid has the same disadvantages as the 
Lynch incision. The lid-splitting tech- 
nique to the superomedial orbit, 
described by Smith,” requires a full- 
thicknesss, vertical transmarginal 
incision through important structures 
(including the conjunctiva, tarsus, 
levator aponeurosis, and Miller’s 
muscle) and has the potential for 
greater scarring because the incision 
lies perpendicular to the relaxed skin 
tension lines of the eyelid skin. 

Leone’ and Wolfley described the 
use of an incision in the natural upper 
eyelid crease to obtain access to the 
superomedial orbit. The advantages of 
such an approach include a familiar 
route to the eyelid and the anterior 
orbit, excellent exposure of orbital 
structures (given the distensibility of 
the eyelid skin and the ability to 
mobilize the cyst inferiorly), minimal 
dissection with little risk to vital 
structures, and simple wound closure 
with a practically unnoticeable scar. 
We support this approach not only for 
superomedial lesions of the orbit but 
also for those located in the superolat- 
eral anterior orbit and subcutaneous- 
ly, both medially and laterally, in the 
upper eyelid and eyebrow area for all 
of the reasons just given. In this 
report, we describe our technique and 
experience with this upper eyelid 
crease surgical approach for dermoid 
and epidermoid cysts of the eyelid and 
superoanterior orbit. 


REPORT OF A CASE 


A 2-year-old boy presented with a 
one-year history ef a painless, progres- 
sively enlarging lump below the later- 
al aspect of the right brow (Fig 1). 
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Fig 1.—Preoperative appearance of patient with dermoid cyst (arrow) 
in right upper eyelid and lateral brow. 
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Fig 3.—Upper eyelid crease incision is marked. Instrument indicates 
location of dermoid cyst in lateral aspect of upper lid. 


Examination revealed a mobile, oval- 
shaped mass with a smooth contour 
measuring 10 X 15 mm adjacent to the 
right superolateral orbital rim. No 
discoloration or prominent vascular 
pattern was present in the overlying 
skin. No proptosis was found, and the 
remainder of the ocular examination 
yielded normal findings. The clinical 
diagnosis was a dermoid or epider- 
moid cyst. The patient underwent sur- 
gical excision of the lesion through an 
upper eyelid crease incision while he 
was under general anesthesia. Histo- 
pathologic features of the 12x15 
x 15-mm mass were consistent with a 
dermoid cyst. Following complete 
removal of the cyst, the final cosmetic 
result was excellent (Fig 2). 


SURGICAL TECHNIQUE 


The procedure preferably is performed 
with the patient under local anesthesia for 
adults, while general inhalation anesthesia 
is administered to children. In either case, 
however, 1% lidocaine hydrochloride with 
1:100000 epinephrine hydrochloride is 
injected subcutaneously along the natural 
upper lid crease and around the cyst and is 
allowed to infiltrate the tissues for at least 
ten minutes to minimize intraoperative 
bleeding. A marker pen delineates the nat- 
ural lid crease, and a skin incision, usually 
15 to 20 mm in length, is made with a 
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Fig 2.—Same patient as in Fig 1 seven weeks after surgical excision of 


cyst through upper eyelid crease incision. 


scalpel along this mark (Fig 3). The orbic- 
ularis muscle is tented anteriorly with a 
forceps and is incised with scissors along 
the length of the lid crease incision down to 
the suborbicular fascial plane. 

An assistant places a finger on the skin 
over the superior edge of the lesion and 
pushes the mobile lesion inferiorly into the 
surgical field of dissection while the lid 
skin is retracted. This maneuver allows 
better exposure of the mass and stretches 
the tissues surrounding the cyst. Blunt and 
sharp scissors dissection is directed superi- 
orly toward the lesion in the suborbicular 
plane, remaining anterior to the orbital 
septum, while an assistant retracts the 
distensible upper lid tissues. Under direct 
visualization, the cyst capsule is carefully 
grasped with a fine forceps, and the adher- 
ent connective tissues are dissected from 
the lesion, including any attachments to 
periosteum. 

After the cyst is completely exposed 
(Fig 4), it is removed with its walls intact. 
Should the cyst capsule rupture during the 
dissection, the lid tissues are copiously 
irrigated with a saline solution after exci- 
sion of the lesion to remove any contents 
that may have leaked out. In our experi- 
ence, this has prevented retention of cyst 
contents with resulting secondary inflam- 
mation in such cases. It is most important 
in instances of a ruptured cyst capsule to 
be sure that all of the cyst wall is excised: 
otherwise, the retained cyst wall will con- 
tinue to secrete keratin, which can cause a 
severe granulomatous inflammatory re- 





Fig 4.—Excellent exposure of dermoid cyst through lid crease incision 
demonstrated by retraction of distensible eyelid skin. 


sponse. Bleeding is usually minimal, and 
meticulous hemostasis is achieved with a 
bipolar wet-field cautery. 

Closure of the wound requires no deep 
sutures. The skin incision may be closed 
with a continuous 6-0 fast-absorbing cat- 
gut skin suture in both children and adults. 
An alternative in adults is a 6-0 nylon 
suture. Ophthalmic antibiotic ointment is 
applied to the wound for seven days after 
surgery. 


RESULTS 


We have performed this technique 
in 24 children over the past 14 years 
(January 1974 to January 1988). The 
mean age of patients was 1.8 years, 
ranging from 8 months to 7 years, of 
which 23 (96%) presented before the 
age of 3 years. Four (17%) of the 
cystic lesions were located superome- 
dially and 20 (83%) were found supe- 
rolaterally. Histopathologic diagnosis 
revealed nine epidermoid cysts and 15 
dermoid cysts that ranged in size 
from 7 mm to 25 mm in their greatest 
dimension. Follow-up of the patients 
after surgery ranged from one month 
to 11 years (mean, 2.2 years) without 
recurrence. No intraoperative or post- 
operative complications were encoun- 
tered, and all patients were consid- 
ered to have an excellent surgical 
result with complete removal of the 
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COMMENT 


Dermoid and epidermoid cysts are 
the most cemmon primary eyelid and 
orbital tumors of childhood.'* They 
are classified as true choristomas and 
arise from developmental sequestra- 
tions of ectodermal elements, usually 
adjacent to orbital bone suture lines. 
Twice as many of these cystic lesions 
develep in the superotemporal orbital 
quadrant compared with the supero- 
nasal quadrant,” and they usually 
present as solitary, mobile, smooth, 
and painless oval masses near the 
orbital rim. Histologic examination is 
necessary to differentiate the dermoid 
cyst, with its squamous epithelium 
lining containing dermal appendages 
such as hair follicles and sebaceous 
glands, frem the epidermoid cyst, 
whieh has no dermal appendages. 
Both lesions are filled with keratin.” 

In children, these cysts usually 
present as subcutaneous eyelid or eye- 
brow masses; however, they may have 
extensions that are fixed to perioste- 
um more pesteriorly within the orbit. 
They also may develop in the ante- 
rior orbit behind the orbital rim, but 
most have a component anterior to 
the septum. It is because of these 
overlapping features that dermoid 
and epidermoid cysts are classified as 
both orbital and eyelid tumors.’ Font’? 
indicates, though, that they occur 
more often in the orbit than in the 
eyelid. 
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Although considered benign, der- 
moid and epidermoid cysts demon- 
strate slow, intermittent, and unpre- 
dictable growth patterns. Cyst expan- 
sion to a sufficiently large size may 
cause deformation and erosion of 
orbital bones and displacement of the 
globe. In addition, spontaneous or 
traumatic leakage of their keratin 
contents into the surrounding tissues 
may lead to a localized, granuloma- 
tous inflammatory reaction. Taking 
these characteristics into consider- 
ation, the treatment of choice for der- 
moid and epidermoid cysts of the eye- 
lids and orbit usually is complete sur- 
gical excision.** Inconspicuous, small 
cysts in patients without symptoms, 
though, can be followed up without 
surgical intervention. 

The upper eyelid crease surgical 
approach to lesions in the superoan- 
terior orbit, such as dermoid and epi- 
dermoid cysts, has many advantages 
over alternative techniques. Exposure 
of the cystic lesion is usually excellent 
because of the generous size of the 
incision, moving the lesion inferiorly 
toward the wound, and the distensi- 
bility of lid skin. This anterior 
approach is familiar to most eyelid 
surgeons, making it easier for them to 
identify anatomic structures. The lid 
crease incision is made parallel to the 
relaxed skin tension lines in the thin 
eyelid skin, with the resultant scar 
barely noticeable and usually covered 
by the overhanging upper lid fold. 
Finally, wound closure is simple with 
no indications for deep, buried sutures 
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or lid margin sutures that are neces- 
sary in most other techniques. For 
similar reasons, the same incision has 
become the standard approach to per- 
form blepharoplasties and levator 
surgery. 

The lid crease surgical approach 
has been previously described for the 
excision of tumors in the superome- 
dial orbit,’'' but net for those located 
superolaterally or in the eyelid and 
eyebrow areas. We have successfully 
utilized and recommend this approach 
for surgical removal of dermoid and 
epidermoid cysts in both the medial 
and lateral locations of the upper eye- 
lid, eyebrow, and _ superoanterior 
orbit. We have also successfully 
removed small dermoid and epider- 
moid cysts in these locations from 
four adults through an eyelid crease 
incision. This technique is not advised, 
however, as the approach to giant 
dermoid cysts in adults, which may 
extend posterior to the equator of the 
globe and often require removal of the 
lateral orbital wall." 

Possible complications of the lid 
crease surgical approach include dam- 
age to such structures as the lateral 
horn of the levator aponeurosis and 
lacrimal gland Katerally and the 
reflected tendon of the superior 
oblique muscle and medial horn of the 
levator aponeurosis medially. With 
most of the dissection carried out ina 
plane anterior to the orbital septum, 
though, the potential risk of damage 
to these important-structures is mini- 
mized. 
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Registration Fee: $475, $325 (those in training) Registration Fee: $475, $325.(thase is training) 
plus a ‘Management of Business Assets” plus a ‘Management of Business Assets” 
seminar for spouses seminar for spouses 


Information: Office of Continuing Education, The Johns Hopkins Medical Institutions, 
Turner Building, 720 Rutland Avenue, Baltimore, Maryland 21205, (301) 955-2959 





BALTIMORE, MARYLAND 
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(Continued from p 1628.) 

Sixth Ann Florida Winter Workshop At: Holly- 
wood Dates: 12/27/88 to 12/29/88 Reg Fees: 
$250 ($300 after 12/1/88) ophthalmologists 
$150 senior ophthalmologists (over 65 yrs), 
$500 phakoemulsification/implant wet lab, $75 
nurses, $25 students, $75 residents Contact: Dr 
Marvin L. Kwitko, Prgm Chairman, 5591 Céte 
des Neiges Rd, Suite 1, Montreal, Quebec, 
Canada H8T 1Y8; (514)735-1133 


Neuro-ophthalmol Course At: Key Biscayne 
Dates: 12/8/88 to 12/10/88 Hrs Instr: 10 Reg 
Fee: $325 prac phys, $100 residents & fellows 
Contact: Bascom Palmer Eye Inst, Box 015869, 
Miami 33101; (305)326-6099 


Problem-Oriented Approach to Vitreous Surg At: 
Miami Dates: 2/27/89 to 3/1/89 Hrs Instr: 12.5 
(2 hrs for lab session) Reg Fee: $350, $100 prac 
lab Contact: Continuing Education in Oph- 
thalmology Inc, Bascom Palmer Eye Inst, Box 
015869, Miami 33101; (305)326-6099 


Oculoplastic Update 1989 At: West Palm Beach 
Dates: 1/14/89 to 1/15/89 Hrs Instr: 9 Reg Fee: 
$215 Sponsor: Good Samaritan Health Sys- 
tems Inc Contact: Laura Lyons, Box 024308, 
West Palm Beach 33402-4308; (407)655-5511 


HAWAII 


First Ann Ophthalmol Sem: Glaucoma & Optic 
Nerve Dis for the Gen Ophthalmologist At: 
Honolulu Dates: 2/11/88 to 2/18/88 Hrs Instr: 
33 Reg Fee: $600 Contact: Hawaii Pacific Med 
Sem, 1600 Ala Moana Blvd, Suite 1902, Honolu- 
lu 96815; (800)248-9248 


Tenth Ann Royal Hawaiian Eye Mtg At: Kauai 
Dates: 1/14/89 to 1/21/89 Sponsor: Hawaiian 
Eye Found Contact: RHEM '89, Mary Charles 
& Associates, 2334 S King St, Suite 205, Hono- 
lulu 96826; (808)942-9655 


ILLINOIS 


Current Concepts in Pneumatic Retinopexy At: 
Chicago Dates: 12/10/88 Hrs Instr: 7 Reg Fee: 
$195 Contact: Sue Talbert, Senior Prgm Coor- 
dinator, The University of Illinois, Conf and 
Inst, 2nd Floor N, 912 S Wood St, Chicago 
60612; (312)996-4631 


LOUISIANA 


Ann Mtg Contact Lens Assoc of Ophthalmol At: 
New Orleans Dates: 1/18/89 to 1/21/89 Con- 
tact: Mtg Registrar, CLAO, 523 Decatur St, 
Suite 1, New Orleans 70130: (800)821-0787 or 
(504)581-4000 


38th Ann Symp on Pediatric Ophthalmol, Stra- 
bismus, & Oculoplastic Surg At: New Orleans 
Dates: 3/3/89 to 3/5/89 Hrs Instr: 22 Reg Fee: 
$350 prac phys ($400 after 1/1/89) Contact: 
Emily Busby, New Orleans Academy of Oph- 
thalmol, Eye, Ear, Nose & Throat Hosp, 2626 
Napoleon Ave, Suite 2076, New Orleans 70115: 
(504)899-9955 


MARYLAND 


Interventional Neuroradiology: Current Pract & 
Technique At: Baltimore Dates: 12/5/88 to 
12/7/88 Hrs Instr: 22.5 Reg Fee: $550 phys, 
$350 tech Contact: Prog Coord, Johns Hopkins 
Med Inst, Off of Cont Educ, Turner 22, 720 
Rutland Ave, Baltimore 21205; (301)955-2959 


First Ann Wilmer Inst Current Concepts in Oph- 
thalmol At: Baltimore Dates: 12/8/88 to 12/ 
10/88 Hrs Instr: Available Reg Fee: $250 prac 
phys, $200 residents & fellows Contact: Prgm 
Coordinator, CME, The Johns Hopkins Med 
Inst, Turner 22, 720 Rutland Ave, Baltimore 
21205; (301)955-2959 


Clinical Advances in 
Ophthalmology 
for the Practicing 
Ophthalmologist 


MASSACHUSETTS 


Neurology of the Anterior Visual Pathway At: 
Boston Date: 12/17/88 Contact: Harvard Med 
School, Dept of CME, Boston 02115; (617)732- 
1525 


Third Ann Ophthalmol Mtg Massachusetts Eye & 
Ear Inf At: Puerto Vallarta, Mex Dates: 2/5/89 
to 2/9/89 Contact: Harvard Med Sch, CME, 
Boston, MA 02115; (617)732-1525 


MICHIGAN 


Twelfth Ann Ophthalmol Rev Course At: Detroit 
Dates: 3/9/89 to 3/14/89 Reg Fee: $550 prac 
phys, $400 residents & fellows Contact: Div of 
CME, Wayne State Univ Sch of Med, 4201 St 
Antoine, 4H-2, Detroit 48201; (313)577-1180 


MINNESOTA 


Twelfth Ann Current Trends in Ophthalmol At: 
Minneapolis Date: 11/19/88 Contact: Susan 
Allen, Phillips Eye Inst, Metropolitan-Mount 
Sinai Med Ctr, 2215 Park Ave S, Minneapolis 
55404; (612)872-5308 


NEW YORK 


A Clin Day in Ophthalmol: Glaucoma Topics At: 
Garden City Date: 11/30/88 Hrs Instr: 7 Reg 
Fee: $200, $100 residents & fellows Contact: 
Dir for Cont Ed, Long Island Jewish Med Ctr, 
New Hyde Park 11042; (718)470-8650 


State of the Art Contact Lens Fitting Course & 
Workshop At: New York Dates: 12/9/88 to 
12/10/88 Hrs Instr: 16 Reg Fee: $200 Contact: 
Jane Stark, Registrar, Post Graduate Inst, 
New York Eye & Ear Infirmary, 310 E 14th St, 
New York 10003; (212)598-1430 or 598-1313 


OPHTHALMOLOGY ’89 


Mar. 29-Apr. 1, 1988 
Jeddah, Saudi Arabia 


March 17-19, 1989 
The Houstonian Hotel and Conference Center 
111 North Post Oak Lane 
Houston, Texas 77024 


Cullen Eye Institute Faculty 


Milton Boniuk, M.D. 
Jared M. Emery, M.D. 
Ronald L. Gross, M.D. 

M. Bowes Hamill, M.D. 
Dan B. Jones, M.D. 
Douglas D. Koch, M.D. 
Richard Alan Lewis, M.D. Kirk R. Wilhelmus, M.D. 


FOR FURTHER INFORMATION CONTACT: 
Carol J. Soroka 
The Office of Continuing Education 
Baylor College of Medicine 
One Baylor Plaza 
Houston, Texas 77030 
(713) 798-6020 


Alice Y. Matoba, M.D. 
John A. McCrary, M.D. 
David W. Parke, II, M.D. 
James R. Patrinely, M.D. 
Paul G. Steinkuller, M.D. 


Gunter K. vonNoorden, M.D. 


In the beautiful city of Jeddah, known as the ‘Bride of the Red 
Sea,’ an informative symposium led by experts in ophthalmol- 
ogy from around the world, featuring courses, didactic 
lectures and workshops in ophthalmology, and emphasizing 
recent advances in knowledge and progress in patient 
management. 


Fee: SR 450 or US $125 

Application Deadline: Jan. 31, 1989 
Visa Application Deadline: Dec. 31,1988 
Call for Papers. Abstract 

Deadline: Jan. 15, 1989 


For more information, call 482-1234, ext. 3741 (Telex: 404340 
KKESH SJ), or write Ophthalmology '89, Office of the Saudi 
Ophthalmological Society, P.O. BOX 55307, Riyadh 11534, 
Saudi Arabia. List of first-class hotels sent on request. 
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NORTH CAROLINA 


Univ of North Carolina Ophthalmol Residents’ 

< Day At: Chapel Hill Date: 12/3/88 Contact: 

r Baird S. Grimson, MD, Dept of Ophthalmol, 

CB 7040, 617 Clin Sci Bldg, Univ of North 

Carolina, Chape! Hill 27599-7040; (919)966- 
5296 


PENNSYLVANIA 


Biennial Mtg Diapter & Decibel Soc At: Acapul- 
co, Mex Dates: 1/21/89 to 128/89 Hrs Instr: 20 
Reg Fee: $325 mbr, $375 nonmbr Contact: 
Jeannine L. Nee, CME, 3518 5th Ave, Pitts- 
burgh, PA 15213; (412)682-6300 


TEXAS 


Welsh Cataract Congress 1988 At: Houston 
Dates: 11/17/88 to 11/19788 Contact: Eula 
Mae Childs, Cullen Eye Inst, Baylor Coll of 
Med, 6501 Fannin (NC20@), Houston 77030; 
(713)799-5941 


Contact Lens Technology Course At: Houston 
Dates: 12/1/85 to 12/3/88 Beg Fee: $275 Con- 
tact: Bette Burkett, Contact Lens Tech Course, 
Cullen Eye Inst, Baylor Coll of Med, Houston 
77030; (713)799-5885 


Clin Adv in Ophthalmol for the Prac Ophthalmol- 
ogist At: Houstor Dates: 3/17/89 to 3/19/89 
Contact: Caro! J. Soroka, Office of Continuing 
Education, Bayler Coll of Med, One Baylor 
Plaza, Houston 77030; (713)%98-6020 


“YES, THERE IS 
LIFE AFTER 
BREAST CANCER. 


AND THAT’S THE 
WHOLE POINT.” 


—Ann Jillian 


A lot of women are so 
afraid of breast cancer 
they won't practice breast 
self-examination or ask 
their doctor about a 
mammogram. And that’s 
what frightens me. 

Take it frona someone 
who's been through it all: 
Life is just too wonderful to 
give up on. 

But to enjoy it, you do 
have to give up being afraid 
io take care-of yourself. 
















AMERICAN 


CANCER 
SOCIETY 


Get a checkup. Life is worth it. 








UTAH 


Seventh Ann Park City Oculoplastic Meet At: 
Park City Dates: 2/11/89 to 2/18/89 Reg Fee: 
$375 Contact: Jeffrey C. Popp, 8800 Dodge St, 
Suite 200, Omaha, NE 68114; (402) 391-4558 


WASHINGTON 


Laser Imaging & Photoeffects in Ophthalmol At: 
Los Angeles Dates: 1715/89 to 1/20/89 Con- 
tact: SPIE, OE/LASE’89 Med, Box 10, Belling- 
ham, WA 98227; (206)676-3290 


WISCONSIN 


Laser for Common Fundus Dis: A Workshop on 
the Why, When, & How of Treatment At: 
Madison Dates: 11/18/88 to 11/19/88 Hrs Instr: 
17 Contact: Cathy Means, CME, 2715 Marshall 
Ct, Madison 53705; (608)263-6637 


FOREIGN 


Fifteenth Ann Mtg Canadian Implant Assn At: 
Montreal Dates: 6/2/89 to 6/3/89 Contact: 
Marvin L. Kwitko, MD, Prgm Chairman, 5591 
Côte des Neiges Rd, Montreal, Quebec, Canada 
H3T 1Y8; (514)735-1138 


Pediatric Ophthalmol Cruise Sem At: Western 
Caribbean (Tampa, Piaya Del Carmen, Cozu- 
mel, Ocho Rios, Grand Cayman Dates: 1/14/89 
to 1/21/89 Contact: Kenneth W. Wright, MD, 
Childrens Hosp of Los Angeles, Div of Oph- 
thalmol, 4650 Sunset Blvd, Los Angeles, CA 
90027; (213)669-2513 


ASSISTANT DIRECTOR 


Immediate opening for a full-time position 
as the Assistant Director of the Glaucoma 
Service, Massachusetts Eye and Ear Infir- 
mary, Harvard Medical School. 


REQUIREMENTS: 

1. At least two years of Glaucoma 
Fellowship (including one year of 
research); 

2. At least five years of experience in 
clinical glaucoma (medical and surgi- 
cal); 

. Candidate should have an estab- 
lished record in clinical and basic 
science research related to glauco- 
ma; and 

. Candidate should nave experience in 
medical management and education 
in an academic center. 


Massachusetts Eye and Ear Infirmary/HMS 
is an equal opportunity employer. 


Send CVs to: David Epstein, M.D. 
Massachusetts Eye and Ear 
Infirmary 
243 Charies Street 
Boston, MA 02114 


Clin Ophthalmol Symp At: Hong Kong Dates: 
12/2/88 to 12/4/88 Contact Patrick C P Ho, 
c/o Secretariat Office, Room 810-814 Wing On 
Plaza, 62 Mody Rd, Tstmshatsui E, Kowloon, 
Hong Kong, Telex: 45861 PDT HX; Fax: 852- 
3-695687 


Indian Intraocular Implart Soc Convention At: 
Madras, India Dates: 1/4/89 to 1/5/89 Con- 
tact: Dr Chander Nerocr, Organising Secy, Dr 
Agarwal’s Eye Inst, 13 Cathedral Rd, Madras 
600 086, India 


Forty-seventh All India Ophthalmol Conf At: 
Madras, India Dates: 176/89 to 1/10/89 Con- 
tact: Dr J. Agarwal, Gen Secy, All India Oph- 
thalmol Soc, Dr Agarwal’s Bye Inst, 13 Cathe- 
dral Rd, Madras 600 086, India 


Internati Congress on Ocular Trauma (Anterior, 
Posterior, & External Segments) At: Tel-Aviv, 
Israel Dates: 2/19/89 to 2/24/89 Co-Chairper- 
sons: G. Treister (Israel), B. Glaser (USA) 
Contact: The Secretariat, Internat] Congress 
on Ocular Trauma, Box 50005, Tel-Aviv 61500, 
Israel; (03)654571 


Eleventh Ann Wilmer Ins* Current Concepts in 
Ophthalmol At: Dorado, Pwerto Rico Dates: 
2/19/89 to 2/26/89 Hrs Instr: 30 Reg Fee: $475 
prac phys, $325 residents & fellows Contact: 
Prgm Coordinator, CME, The Johns Hopkins 
Med Inst, Turner 22, 720 Rutland Ave, Balti- 
more, MD 21205; (301)935-2959 


Ophthalmol ’89 At: Jeddah, Sandi Arabia Dates: 
3/29/89 to 4/1/89 Fee: £125 Contact: Ophthal- 
mol ’89, Office of the Saudi Ophthalmol Soc, 
Box 55307, Riyadh 11534, Saudi Arabia 

































FELLOWSHIP IN 
COMPREHENSIVE 


OPHTHALMOLOGY 


The Department of Ophthalmology 
at the University of Arizona College 
of Medicine is offering a flexible 
rotating Fellowship in Comprehen- 
sive Ophthalmology. The Fellowship 
rotations can be tailored to accom- 
modate an individual who is pre- 
paring for a career in academic 
ophthalmology as well as an indi- 
vidual who is preparing for a career 
in the general practice of ophthal- 
mology. 
The position is fully funded at the 
PGY-5 level and will begin on July 
1, 1989. Women and minority can- 
didates are encouraged to apply. 
All interested persons should con- 
tact: 

Barton L. Hodes, MD, FACS 

Professor and Head 

Department of Ophthalmology 

1609 North Warren #122 

Tucson, Arizona 85724 


THE UNIVERSITY GF ARIZONA IS AN 
EQUAL OPPORTUNITY EMPLOYER 
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(prednisolone acetate 1%, gentamicin sulfate 3 mg/mL base) 
Liquifilm® sterile ophthalmic suspension 


DESCRIPTION: Pred-G Liquifilm sterile ophthalmic suspension is a topical anti-inflam- 
matory/anti-infective combination product for ophthalmic use. Chemical Names: Pred- 
nisolone acetate: 118,17,21-Irihydroxypregna-1,4-diene-3,20- dione 21-acetate. Gentamicin 
sulfate is the sulfate salt of gentamicin Cy, gentamicin Co, and gentamicin C44 which are 
produced by the growth of Micromonospora purpurea. Contains: prednisolone acetate 
(microfine suspension) 1.0%, gentamicin sulfate equivalent to 0.3% gentamicin base with: 
Liquifilm® (polyvinyl alcohol) 1.4%; benzalkonium chloride 0.005%; edetate disodium; 
hydroxypropyl methylcellulose; polysorbate 80; sodium citrate, dihydrate; sodium chloride; 
sodium hydroxide and/or hydrochloric acid to adjust the pH; and purified water. CLINICAL 
PHARMACOLOGY: Corticosteroids suppress the inflammatory response to a variety of agents 
and they probably delay or slow healing. Since corticosteroids may inhibit the body's defense 
mechanism against infection, a concomitant antimicrobial drug may be used when this 
inhibition is considered to be clinically significant in a particular case. The anti-infective 
component in Pred-G is included to provide action against specific organisms susceptible 
to it. Gentamicin sulfate is active in vitro against susceptible strains of the following micro- 
organisms: Staphylococcus aureus, Group A beta-hemolytic and non-hemolytic 
streptococci, Streptococcus pneumoniae, Escherichia coli, Hemophilus influenzae, 
Klebsiella/Enterobacter species, Neisseria species, Pseudomonas aeruginosa, Serratia 
marcescens. When a decision to administer both a corticosteroid and an antimicrobial 


| is made, the administration of such drugs in combination has the advantage of greater 
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patient compliance and convenience, with the added assurance that the appropriate dosage 
of both drugs is administered. When both types of drugs are in the same formulation, 
compatibility of ingredients is assured and the correct volume of drug is delivered and 
retained. The relative potency of corticosteroids depends on the molecular structure, con- 
centration, and release from the vehicle. INDICATIONS AND USAGE: Pred-G suspension 
is indicated for steroid-responsive inflammatory ocular conditions for which a corticosteroid 
is indicated and where superficial bacterial ocular infection or a risk of bacterial ocular 
infection exists. Ocular steroids are indicated in inflammatory conditions of the palpebral 
and bulbar conjunctiva, cornea, and anterior segment of the globe where the inherent risk 
of steroid use in certain infective conjunctivitides is accepted to obtain a diminution in edema 
and inflammation. They are also indicated in chronic anterior uveitis and corneal injury 
from chemical, radiation, or thermal burns or penetration of foreign bodies. The use of 
a combination drug with an anti-infective component is indicated where the risk of superficial 
ocular infection is high or where there is an expectation that potentially dangerous num- 
bers of bacteria will be present in the eye. The particular anti-infective drug in this product 
is active against the following common bacterial eye pathogens: Staphylococcus aureus, 
Group A beta-hemolytic and non-hemolytic streptococci, Streptococcus pneumoniae, 
Escherichia coli, Hemophilus influenzae, Klebsiella/ Enterobacter species, Neisseria 
species, Pseudomonas aeruginosa, and Serratia marcescens. CONTRAINDICATIONS: 
Epithelial herpes simplex keratitis (dendritic keratitis), vaccinia, varicella, and many other 
viral diseases of the cornea and conjunctiva. Mycobacterial infection of the eye. Fungal 
diseases of the ocular structures. Hypersensitivity to a component of the medication. (Hyper- 
sensitivity to the antibiotic component occurs at a higher rate than for other components.) 
Pred-G suspension is always contraindicated after uncomplicated removal of a corneal foreign 
body. WARNINGS: Prolonged use may result in glaucoma, with damage to the optic nerve, 
defects in visual acuity and fields of vision, and in posterior subcapsular cataract forma- 
tion. Prolonged use may suppress the host response and thus increase the hazard of 
secondary ocular infections. In those diseases causing thinning of the cornea or sclera, 
perforations have been known to occur with the use of topical steroids. In acute purulent 
conditions of the eye, steroids may mask infection or enhance existing infection. If these 
products are used for 10 days or longer, intraocular pressure should be routinely moni- 
tored even though it may be difficult in children and uncooperative patients. Employment 
of a steroid medication in the treatment of patients with a history of herpes simplex requires 
great caution. Pred-G is contraindicated in patients with active herpes simplex keratitis. 
Pred-G Liquifilm sterile ophthalmic suspension is not for injection. It should never be injected 
subconjunctivally, nor should it be directly introduced into the anterior chamber of the eye. 
PRECAUTIONS: The initial prescription and renewal of the medication order beyond 20 
milliliters should be made by a physician only after examination of the patient with the aid 
of magnification, such as slit lamp biomicroscopy and, where appropriate, fluorescein 
Staining. The possibility of fungal infections of the cornea should be considered after 
prolonged steroid dosing. ADVERSE REACTIONS: Adverse reactions have occurred with 
steroid/anti-infective combination drugs which can be attributed to the steroid compo- 
nent, the anti-infective component, or the combination. Exact incidence figures are not 
available since no denominator of treated patients is available. Reactions occurring most 
often from the presence of the anti-infective ingredient are allergic sensitizations. The reac- 
tions due to the steroid component in decreasing order of frequency are: elevation of intra- 
ocular pressure (IOP) with possible development of glaucoma, and infrequent optic nerve 
damage; posterior subcapsular cataract formation; and delayed wound healing. Secondary 
Infection: The development of secondary infection has occurred after use of combinations 
containing steroids and antimicrobials. Fungal infections of the cornea are particularly prone 
to develop coincidentally with long-term applications of steroid. The possibility of fungal 
invasion must be considered in any persistent corneal ulceration where steroid treatment 
has been used. Secondary bacterial ocular infection following suppression of host responses 
also occurs. DOSAGE AND ADMINISTRATION: Instill one drop into the conjunctival sac 
two to four times daily. During the initial 24 to 48 hours, the dosing frequency may be 
increased if necessary. Care should be taken not to discontinue therapy prematurely. Not 
more than 20 milliliters should be prescribed initially and the prescription should not be 
refilled without further evaluation as outlined in PRECAUTIONS above. HOW SUPPLIED: 
Pred-G™ (prednisolone acetate 1.0%, gentamicin sulfate—0.3% base) Liquifilm® sterile 
ophthalmic suspension is supplied in plastic dropper bottles in the following sizes: 5 mL— 
NDC 0023-0106-05; 10 mL—NDC 0023-0106-10. Note: Store at room temperature. Avoid 
excessive heat, 40°C (104°F) and above. Protect from freezing. Shake well before using. 
Caution: Federal law prohibits dispensing without prescription. 


ALLERGAN PHARMACEUTICALS 


A Division of Allergan, Inc., Irvine, California 92713 
©1988 
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p IOLAB offers the one-piece lens styles that are important to yu 


because we understand your needs. o 
Whether you prefer biconvex, plano or ridge ...7mm, 6.5MM or 6mm... 
we have the quality one-piece lenses with UVBLOC™ Plus and = 


Large Optic Zone that meet all your needs. a 


IOLAB. For your many choices in one-piece lenses. 









Prior to use, please refer to the product information package insert for indications, cautions, wamings and precautions. 
IOLAB Corporation. 500 IOLAB Dr, Claremont, CA 91711, 714/624 - 2020; Customer Service -Tol Free: 800/ 255 - 2500 


© |OLAB 1988 2201 - 188-1240 





CAU HO: Investigational Device. Limited by 
Federal Law to investigational use. 
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New profit opportunities from new steroid/antibiotic therapy 


THE COMBINATION e And better in vitro activity ACT TODAY! 
OPHTHALMOLOGISTS than tobramycin against e Order now from your local 
HAVE BEEN WAITING FOR! Staphylococcus and wholesaler, to meet the 


: i Streptococci.? demand 
a ew THE MARKET 5 mL—NDC 0023-0106-05 
anti-inflammatory activity. e $29 million? and growing! 10 mL—NDC 0023-0106-10 
e Contains gentamicin for THE PROMOTION 
broader-spectrum antibac- e Heavy in-office sales support ' Federal Register 1982 May; 47:21300. 


? Data on file, Allergan Pharmaceuticals. 


terial coverage than neomycin e Full advertising and promo- 3 Independent survey of hospital and pharmacy 
and polymyxin B combined.! tional campaign to parcniscs tor DST: 


Please see adjacent page for complete prescribing 


ophthalmologists information. 
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(prednisolone acetate 1%, 
gentamicin sulfate 3 mg/ mL base) 


Liquifilm® sterile ophthalmic suspension 
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Transplantation of Retinal Pigment Epithelial Cells G. A. Fishman 











The Resource-Based Relative Value Scale for Physician Compensation Under 
è ‘ Medicare: Implications for Ophthalmology l M. Frenkel 


Pneumatic Retinopexy - M. A. Lowe, H. R. McDonald, R. V. Campo, D. S. Boyer, H. Schatz 
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A Creative Solution to 


the Artificial Tear/ 
Preservative Dilemma 





THE DILEMMA: 


The hallmark of dry eye is compromised 
corneal epithelium. Until Tears Naturale® II 
with Polyquad® dry eye treatment with 
preserved artificial tears presented the 
physician with a dilemma — the therapeutic 
benefits of newer artificial tears were 
sometimes offset by the toxicity of older 
ophthalmic preservatives such as 
benzalkonium chloride and chlorobutanol. The 
chronic nature of dry eye required repeated 
exposure of an already damaged cornea to an 
imperfect joining of second generation tear 
products with first generation, toxic 
preservatives. 
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Tears Naturale II 





Artificial Tears with 
Polyquad Preservative 


Specifically Formulated To Protect Corneal Epithelial Cell Integrity 


THE SOLUTION: 


Tears Naturale® Il with Polyquad represents the 
most significant development in artificial tears 
since the 1975 introduction of Tears Naturale; 
itis a true artificial tear with a preservative that 
is SO safe, corneal cells can actually grow in 
it! Polyguad is virtually non-sensitizing and 
reaction-free. in clinical trials with 749 subjects, 
» Polyquad was proven 99% reaction free in 
the general population while 97% of 
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subjects with known sensitivities to other earla hapeni He saires RNE 
ophthalmic preservatives were reaction- minutes. Maoia 
free. Now at last, an artificial tear that provides 

your dry eye patients with the therapeutic Alcon 
benefits of a true artificial tear without the 

detrimental effects of a toxic preservative. Fort Worth, Texas 76115 
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e Tracks next dose to be taken. 


ENCOURAGE COMPLIANCE. BETAGAN’ WITH CCAP? 


e Minim_zes confusion for patients on multidose therapy or multiple medications. 





Betagair’(levobunoio! HCl) 0.5% 


Liquifilm® steri ophthalmic solution with 
C CAP™ 
Compliance CapeQ.D. 


Betagain’(levobunolol HCl) 0.5% 
Liqui sterile ophthalmic solution with 


C CAP” 


Compliance Gap B.1.D. 





INDICATIONS.AND USAGE: BETAGAN Liquifilm sterile ophthalmic solution has 
been shown to te effective in lowering intraocular pressure and may be used 
in patients witt chronic open-angle glaucoma or ocular hypertension. 
CONTRAINDICA IONS: BETAGAN is contraindicated in those individuals with 
bronchial asthma or witha history of bronchial asthma, or severe chronic 
obstructive pulmonary disease (see WARNINGS); sinus bradycardia; second 
anc third degree=atrioventricular block; overt cardiac failure (see WARNINGS); 
cardiogenic sheck; or hypersensitivity to any component of this product. 
WARNINGS: As with other topically applied ophthalmic drugs, BETAGAN may 
be absorbed syssemically. The same adverse reactions found with systemic 
administration c beta-adrenergic blocking agents may occur with topical 
administration. For example, severe respiratory reactions and cardiac reac- 
tions, including “eath due to bronchospasm in patients with asthma, and 
rarely death in association with cardiac failure, have been reported with topical 
application of beta-adrenergic blocking agents (see CONTRAINDICATIONS). 
Cardiac Failure: Sympathetic stimulation may be essential for support of 
the circulation ir individuals with diminished myocardial contractility, and 
its inhibition by »eta-adrenergic receptor blockade may precipitate more 
severe failure /n Patients Without a History of Cardiac Failure: Continued 
depression of the myocardium with beta-blocking agents over a period of 
time can, in some cases, lead to cardiac failure. At the first sign or symptom 
of cardiac failure BETAGAN should be discontinued. Non-allergic Broncho- 
spasm: In patienss with non-allergic bronchospasm or with a history of non- 
allergic bronehospasm (eg., chronic bronchitis, emphysema), BETAGAN 
should be administered with caution since it may block bronchodilation 
produced by endegenous.and exogenous catecholamine stimulation of beta, 
receptors. Major Surgery: The necessity or desirability of withdrawal of beta- 
adrenergic blecling agents prior to major surgery is controversial. Beta- 
adrenergic recepor blockade impairs the ability of the heart to respond to 
beta-adrenergically mediated reflex stimuli. This may augment the risk of 
general anesthesia in surgical procedures. Some patients receiving beta- 
adrenergic recspmr blocking agents have been subject to protracted severe 
hypotension durisg anesthesia. For these reasons, in patients undergoing 
elective surgery, sradual withdrawal of beta-adrenergic receptor blocking 
agents may be appropriate If necessary during surgery, the effects of beta- 
adrenergic bleckng agents may be reversed by sufficient doses of such 
agonists as isaprcterenol, dopamine, dobutamine or levarterenol (see OVER- 
DOSAGE). Diabetas Mellitus: Beta-adrenergic blocking agents should be 
administered wittecaution in patients subject to spontaneous hypoglycemia 
orto diabetic patients (especially those with labile diabetes) who are receiving 
insulin or oral hypeglycemic agents. Beta-adrenergic receptor blocking agents 


fa-acrenergic Blocking agents may mask certain clinical signs (eg., 


$: mask the signs and symptoms of acute hypoglycemia. Thyrotoxicosis: 
* Ftac 


hycardia) of hwperthyroidism. Patients suspected of developing thyro- 
toxicesis should k managed carefully to avoid abrupt withdrawal of beta- 
adrenergic blackiig agents which might precipitate a thyroid storm. Con- 
i metabisulfite, a sulfite that may cause allergic-type reactions 
including @haphyctic symptoms and life-threatening or less severe asth- 
matiggem@® des incertain susceptible people. The overall prevalence of sul- 
fite #nsfiivity in the general population is unknown and probably low. Sulfite 






e<bsitivity is seen more frequently in asthmatic than in nonasthmatic people. 
\ ,PRECAUTIONS:Seneral: BETAGAN® (levobunolol HCI) 0.5% Liquifilm® sterile 


ophthalmic solution should be used with caution in patients with known hyper- 
Sensigvity to otrérDeta-adrenoceptor blocking agents. Use with caution in 
patiSpts with known diminished pulmonary function. In patients with angle- 
Closure glaucome the #mmediate objective of treatment is to reopen the 
angle. This requires constricting the pupil with a miotic. BETAGAN has little 
or no effect on the getpil. When BETAGAN is used to reduce elevated intraocular 
pressure in angle-closure glaucoma, it should be used with a miotic and 
not alone. Muscle Weakness: Beta-adrenergic blockade has been reported 


to potentiate muscle weakness consistent with certainrmyasthenic symptoms 
(eg., diplopia, ptosis and generalized weakness). Drug/nteractions: BETAGAN 
should be used with caution in patients who are ceiving a beta-adrenergic 
blocking agent orally, because of the potential for additive effects on sys- 
temic beta-blockade. Although BETAGAN used alone has little or no effect 
on pupil size, mydriasis resulting from concomitant therapy with BETAGAN 
and epinephrine may occur. Close observation of the patient is recommended 
when a beta-blocker is administered to patients'receiving catecholamine- 
depleting drugs such as reserpine, because of passibie additive effects and 
the production of hypotension and/or marked bradycardia, which may 
produce vertigo, syncope, or postural hypotension. Animal Studies: No adverse 
ocular effects were observed in rabbits administered BETAGAN topically in 
studies lasting one year in concentrations up to 10 times the human dose 
concentration. Carcinogenesis, mutagenesis, impairment of fertility: \n a life- 
time oral study in mice, there were statistically significani(p < 0.05) increases 
in the incidence of benign leiomyomas in female mice at 200 mg/kg/day 
(14,000 times the recommended human dose for glaucoma), but not at 12 
or 50 mg/ kg/day (850 and 3,500 times the human dose). In a two-year 
oral study of levobunolol HCI in rats, there was a statistically significant 

p < 0.05) increase in the incidence of benign hepatomas in male rats 
administered 12,800 times the recommended human dose for glaucoma. 
Similar differences were not observed in rats administered oral doses equiva- 
lent to 350 times to 2,000 times the recommended human dose for 
glaucoma. Levobunolo!l did not show evidence ef mutagenic activity in a 
battery of microbiological and mammalian in vitro and in vivo assays. 
Reproduction and fertility studies in rats showed no adverse effect on male 
or female fertility at doses up to 1,800 times the recommended human dose 
for glaucoma. Pregnancy Category C: Fetotoxicity eas evidenced by a greater 
number of resorption sites) has been observed in rabbits when doses of 
levobunolol HCI equivalent to 200 and 700 times therecommended dose 
for the treatment of glaucoma were given. No fetotoxic effects have been 
observed in similar studies with rats at up to 1,800 times the human dose 
for glaucoma. Teratogenic studies with levobunciol in rats at doses up to 
25 mg/kg/day (1,800 times the recommended human dose for glaucoma) 
showed no evidence of fetal malformations. There were no adverse effects 
on postnatal development of offspring. It appears when results from studies 
using rats and studies with other beta-adrenergic blockers are examined, 
that the rabbit may be a particularly sensitive species. There are no adequate 
and well-controlled studies in pregnant women. BETAGAN should be used 
during pregnancy only if the potential benefit justifies the potential risk to 
the fetus. Nursing Mothers: It is not known whether this drug is excreted in 
human milk. Systemic beta-blockers and topical timola! maleate are known 
to be excreted in human milk. Caution should be exercised when BETAGAN 
is administered to a nursing woman. Pediatric Use: Safety and effectiveness 
in children have not been established. ADVERSE REACTIONS: In clinical trials 
the use of BETAGAN has been associated with transient ocular burning and 
stinging in about one in four patients, and with blephoroconjunctivitis in about 
one in 20 patients. Decreases in heart rate and blbod pressure have been 
reported occasionally (see CONTRAINDICATIONS and WARNINGS). The fol- 
lowing adverse effects have been reported rarely with the use of BETAGAN: 
lridocyclitis, headache, transient ataxia, dizziness, lethargy, urticaria and pru- 
ritus. Decreased corneal sensitivity has been noted in a small number of 
patients. Although levobunolol has minimal membrane-stabilizing activity, 
there remains a possibility of decreased corneal sensitivity after prolonged 
use. The following additional adverse reactions have been reported with 
ophthalmic use of beta, and beta, (non-selective) adrenergic receptor block- 
ing agents: BODY AS A WHOLE: Headache. CARDIOVASCULAR; Arrhythmia, 
syncope, heart block, cerebral vascular accident, cerebral ischemia, con- 
gestive heart failure, palpitation. DIGESTIVE: Nausea. PSYCHIATRIC: Depres- 
sion. SKIN: Hypersensitivity, including localized and generalized rash. 
RESPIRATORY: Bronchospasm (predominantly in patients with pre-existing 
bronchospastic disease), respiratory failure ENDOCRINE: Masked symptoms 
of hypoglycemia in insulin-dependent diabetics (see WARNINGS). SPECIAL 
SENSES: Signs and symptoms of keratitis, blepharoptdsis, visual disturbances 
including refractive changes (due to withdrawal of miatic therapy in some 
cases), diplopia, ptosis. Other reactions associated withthe oral use of non- 
selective adrenergic receptor blocking agents should be considered poten- 
tial effects with ophthalmic use of these agents. 
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Portrait of Noncompliance 


“Drive all day. Drive into night. | measure my 
time in miles, not in hours. And the only 
schedule | keep is the one that gets me to the 
next loading dock.” 


For many of your glaucoma 
patients, daily activity is just a blur 
of days into nights. And normal 
routines—like tracking a medica- 
tion schedule—somehow get lost 
in the haze. 

Specify Betagan with C Cap 

Q.D. or Betagan with C Cap B.1.D. 
_Betagan is also available without 
Cap. 

Please see adjacent page for 
brief summary of prescribing 
information. 
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acetylcholine chloride) Intraocular 
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In each of those 20 million cases, an ophthalmic surgeon made a 
conscious decision to use Miochol. An impressive statistic, 
especially when you compare Miochol’s long history of safe use. 

Product history is part of what makes Miochol, Miochol. 
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Instructions for Authors 


Norte: Please vead these instructions carefully—technical deficien- 
cies must be correeted before manuscripts can be reviewed. 

Send manuscripts tothe Editor, Morton F. Goldberg, MD, Univer- 
sity of Illinois Hye and Ear Infirmary, 1855 W Taylor St, Chicago, IL 
60612; (312) 996-2327. Manuscripts are received with the under- 
standing that they have not previously been published anywhere in 
any language and are not under simultaneous consideration by 
another publication. A complete manuscript submitted following 
presentation er publication of preliminary findings elsewhere (eg, 
in an abstract) can be considered. Include copies of possibly 
duplicative material. Accepted manuscripts become the permanent 
property of the ARCHIVES and may not be published elsewhere 
without permission from the publisher (AMA). After initial 
publication, certain articles will appear in translation in the 
Chinese-language edition. 

The text should, in general, not exceed 14 double-spaced type- 
written pages. 

Transmittal letters to the editor must contain the following language: 
“In consideration of the American Medical Association’s taking action 
in reviewing and editing my submission, the author(s) undersigned hereby 
transfers, assigns, or otherwise conveys all copyright ownership to the 
AMA in the event that such work is published by the AMA.” This 
statement must be signed by a// authors listed before it can be sent out 
for review. We regret that transmittal letters not containing the 
foregoing language signed by all authors of the submission will 
necessitate delay in the review of the manuscript. 

In case the-work was done by a federal employee, each author 
must include a signed statement that the work reported was done 
while he or she was employed by the federal government. 

Author Responsibility.— All accepted manuscripts are subject to 
copy editing. The corresponding author will receive an edited 
typescript rather than galley proofs for approval. The author is 
responsible fcr all statements in his work, including changes made 
by the copy editor. Designate one author as correspondent and 
provide his address and telephone number. A manuscript should 
not erdinarily list more than six authors. If more than six authors 
are listed, a detailed written description of each person’s personal 
contributions should be submitted with the manuscript. Such 
contributions-must be substantial. 

Manuscript Preparation.—Submit an original typescript and two 
high-quality copies. All copy (including references, legends, and 
tables) must be typed double-spaced on 21.6 X 27.9-em (8% X 11- 
in) paper. Margins of at least 2.5 em (1 in) must be provided. If a 
word processor is used, do not justify the right margin. 

Titles.—Tities should be short, specific, and clear and typed ona 
special page. They should not exceed 42 characters per line, 
including punctuation and spaces, and be limited to two lines, if 
possible. The title page should include the first name, middle 
initial, and last name of all authors with their highest academic 
degree and professional affiliation of all authors and city location. 
It should als» include the address (if different from the senior 
author’s) to which requests for reprints should be sent. 

informed Consent.— Manuscripts reporting the results of experi- 
mental &yestigations of human subjects must include a statement 
to the effect that legal requirements governing consent were 
met. 

Refer*to patients by number, eg, patient 1 (or, in anecdotal 
reports, by fictitious given names). 

* Proprietary Statemeat.—If the article discusses in any way a 
device, equipment, an instrument, or a drug, the author(s) must 
state in a foottjote whether they do or do not have any commercial 
or proprietary interest in the product or company. Likewise, they 
must reveal whether*they have any financial interest as a 
consultant, revitwer, or evaluator. In addition, authors must 
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disclose any financial interest owned by a spouse, minor child, 
blood relative living in the same household, or known to be held by 
the author’s employer, partner, or business associate. 

Abstract.—Provide an abstract (135-word maximum) of the 
article, including statements of the problem, method of study, 
results, and conclusions. The abstract should be specific and 
sufficiently complete to allow the reader a-quick evaluation of the 
paper. Do not include a “summary” section in the main manu- 
script. 

References.— List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent citations 
should be to the original number. All references must be cited in 
the text or tables. Unpublished data and personal communications 
should not be listed as references but parenthetically within the 
text. References to journal articles should include (1) author(s) (if 
more than three, write “et al” after the third name), (2) title, (3) 
journal name (as abbreviated in Index Medicus), (4) year, (5) 
volume number, and (6) inclusive page numbers, in that order. 
References to books should include (1) author‘s), (2) chapter title 
(if any), (3) editors (if any), (4) title of book, (5) city of publication, 
(6) publisher, (7) year, and (8) page, if indicated. 

SI Units.—Use Système International (SI) measurements 
throughout the manuscript. (Exceptions are visual acuity mea- 
surements and intraocular pressure recordings.) 

Illustrations.— Use only those illustrations that clarify and aug- 
ment the text. More than ten total illustrations per manuscript 
would have to be justified. Submit illustrations (5X7 in) in 
triplicate, unmounted and untrimmed. Do not send original 
artwork. Send high-contrast glossy prints. Figure number, name 
of senior author, and arrow indicating “tcp” should be typed on a 
gummed label and affixed to the back of each illustration. 
Illustrations submitted for publication may be relettered to 
achieve uniformity of lettering style throughout the journal. 
Magnification and stain should be provided when pertinent. 









PLEASE Note: Most COMMON ERRORS TO AVOID 
FOR BOTH ORIGINAL ARTICLES AND LETTERS TO THE EDITOR 
(SECRETARY’S CHECKLIST) 


— (1) Failure to send original typed manuscripts plus two 
copies. 

(2) Failure to double-space entire manuscript (abstract, 
references, legends, and tables). 

(3) References not in proper format, not in numerical 
order, or not cited in text. 

— (4) Use of 1'2-spacing rather than double-spacing. Do 

not justify right margins. 

— (5) Failure to send three sets of illustrations/photo- 
graphs or original color slides plus‘two sets of color 
prints. 

— (6) Title too long. 

— (7) Failure to label abstract or to provide abstract (not 
needed for letters to the editor), case reports, photo 
essays). Abstract too long. 

(8) Incomplete or improper consent forms for patient 
photographs; improper or incomplete legends. 

— (9) Failure to include copyright transmittal form 
(needed for both original articles and letters to the 
editor). Failure to include proprietary statement. 

—(10) Failure to include all authors” personal signatures 
on copyright transmittal form (see paragraph 3). 

— (11) Failure to designate the corresponding author and 
provide phone number and address. 

— (12) Failure to include consent forms for illustrations 

previously published elsewhere. Failure to indicate 

willingness to pay for author’s share of color illus- 
trations. 
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Illustrations in full color are accepted for publication if the 
editors believe that color will add significantly to the published 
manuscript. Please submit one set of positive transparencies (35 
mm slides) and two sets of color prints. The ARCHIVES will pay 
part of the expense of reproduction and printing color illustra- 
tions, the remainder to be borne by the author. Submit a state- 
ment indicating author’s willingness to accept this cost. After 
deducting the ARCHIVES’ contribution, the author’s share is $400 
for up to six square-finished illustrations that can be arranged on 
a one-page layout. Any additional illustrations or special effects 
will be billed to the author at cost. 

Legends.— Legends must be typed double-spaced, beginning on a 
separate sheet of paper. Length should be limited to a maximum 
of 40 words and should allow the illustration to be fully under- 
standable without recourse to the text. Use arrows, letters, etc, for 
enhanced understanding. 

Authorized Use of Photographs.—Recognizable photographs may 
be taken and published only if specifically consented to by the 
patient. To facilitate proof, the consent should be in writing. Any 
restrictions or limitations on the consent must be strictly 
observed; eg, eyes are blocked out only as a condition of consent. 
Consent forms must include a specific statement that photographs 
and information related to a case may be published either 
separately or in connection with each other, in professional 
journals or medical books, provided that it is specifically under- 
stood that the patient shall not be identified by name. Parental 
consent for publication of photographs and information related to 
the case must include signature of both living parents. Consent 
releases for minors without living parents must be signed by the 
legally appointed guardian. Submit consent forms with the manu- 
script. 

Acknowledgments.— Illustrations from other publications are 
rarely published but if used must be acknowledged. Include the 
following when applicable: author(s), title of article, title of 
journal or book, volume number, page(s), month, and year. The 
publisher’s permission to reprint must accompany the manu- 
script. 

Statistical Consultation.— We recommend that statistical consul- 
tation be obtained as early as possible for studies with statistical 
content. The name and affiliation of the statistical consultant (if 
different from the author[s]) should be included. 





Tables.— Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6 X 27.9-cm (8% X 11-in) 
paper. Do not use larger paper. If a table must be continued, use a 
second sheet and repeat all heads and stubs. Each table must have 
a title. 

Photo Essay.—Manuscripts for this section should emphasize 
the visual aspects of the subject presented. The picture(s) should 
be of high quality and should be self-explanatory. The photo- 
graphs can be of clinical entities, laboratory studies and findings 
(eg, smears, histologic sections), diagnostic techniques (roentgen- 
ograms, computed tomographic scans, magnetic resonance image, 
ultrasound, etc), therapeutic procedures, or a combination. A 
concise essay, limited to 250 words, describing the clinical or 
laboratory information, photograph(s), and a brief list of refer- 
ences (five or less), if pertinent, should be submitted in triplicate. 
Articles will be limited to one to two printed pages, and all 
material must fit into this format. Refer to the general “Instruc- 
tions for Authors” for other requirements. 

Correspondence and Case Reports.—Contributions to this section 
may include comments on articles published in the ARCHIVES, 
informative case reports, or other matters of ophthalmic interest. 
Such letters are subject to editorial review and will be published 
as space and editorial priorities permit. Published letters will be 
listed by author and title in the table of contents, and authors and 
subjects are indexed by the major indexing services. Letters to the 
editor and Case Reports ordinarily should not exceed 500 words in 
length. There should be a maximum of three references. Two 
figures or one figure plus one table can be printed. The typescript 
should be double-spaced with a ragged right hand margin and 
submitted in triplicate. A copyright transmittal letter signed by 
all authors must accompany the letter. Please refer to “Instruc- 
tions for Authors” for additional requirements. 

Reprints.— Reprints can be ordered at the time the typescript is 
returned after editorial processing. 

AMA Manual of Style.-—This 1988 edition, formerly the Manual 
for Authors & Editors, is available from Williams & Wilkins, 428 E 
Preston St, Baltimore, MD 21202. Single copy price: $24.95. A 
shipping charge is added on all orders not prepaid. If additional 
ordering information is needed, or to order by telephone, call 
1-800-638-0672. 


From the Archives of the Archives 


We still need the researcher who will focus on the present confusion regarding many causes of glaucoma 


A glance at the conflicting opinions included in this review shows that the classic view of glaucoma and the 
physiology of the intra-ocular fluids at present taught in most schools is somewhat too simple to account for all of 
the clinical and experimental facts observed. The definite evidence of change of tension with the size of the pupil and 
other evidence seem to leave no doubt that the chamber angle and canal of Schlemm play some part in the drainage 
of the aqueous, if only perhaps as a safety-valve, and that its obstruction can cause glaucoma. Evidence seems to be 
accumulating, however, that the aqueous is not a secretion, but a dialysate of the blood, and hence that vascular 
disturbances are of great importance in its formation and in the production of glaucoma. The nervous influence on 
ocular tension which is undoubtedly present would seem to be mediated by its effect on the vessels, especially the 
capillaries. What part changes in blood chemistry may play is still an open question, but the evidence that such 
changes through their effect on capillary permeability are important is accumulating. Swelling of the vitreo may 
be found to be an important factor. Low grade inflammation is probably a factor in many cases, even of apparently 
simple glaucema, producing venous stasis or increasing capillary permeability or both. É 

It is evident that one or more of these factors may play a part in any given case, the varied possibilities accounting 
for the clinical differences and varying responses to treatment that are observed. 


SOURCE: Gifford SR: Ophthalmological review: The pathogenesis of ‘glaucoma. 


Edited by Jean#Schaffner, Editorial Assistant 
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Retinal Thinning and Regression of Neovascularization 


To the Editor.—I read with interest the speculations of Dr 
Glaser! concerning the mechanism of action of scatter 
photocoagulation. Dr Glaser suggests that altered cellular 
interactions within laser scars may be central to involution 
of neovascularization. The following case is difficult to 
understand within the framework of Dr Glaser’s theoreti- 
cal constructs. 


Report of a Case.—A 41-year-old woman presented to the 
Department of Neurology at the University of Virginia, Char- 
lottesville, with a 17-year history of insulin-dependent diabetes 
mellitus and a four-month history of seizures. Results of physical 
examination were remarkable only for disc neovascularization in 
both eyes. A computed tomographic scan demonstrated a left 


Fig 1.—Fundus photographs at time of presentation, showing neovas- 
cularization on discs greater in left eye (top) than right eye (bottom). 
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anterior clinoid meningioma. She was referred to the Department 
of Ophthalmology. Visual acuity was 20/20 OU, and results of 
examination were normal except for moderate background diabet- 
ic retinopathy and neovascularization on the disc (NVD), greater 
in the left eye than the right (Fig 1). Scatter photocoagulation was 
recommended; however, before it could be initiated, she had a left 
frontal craniotomy and resection of the meningioma. Immediately 
after surgery she noted poor vision in her left eye. 

She returned for an eye examination 11 months after surgery. 
Visual acuity was 20/25 OD and 3/200 OS, with a 1.8-log-unit left 
afferent pupil defect. Results of slit-lamp examination were 
normal, and fundus examination showed severe NVD in the right 
eye, while in the left eye there was optic atrophy and complete 
resolution of the previously noted NVD (Fig 2). 


Fig 2.—Fundus photographs 11 months after craniotomy (12 months 
after presentation), showing marked progression of neovascularization 
on disc in right eye (top) and optic atrophy with complete regression of 
neovascularization on disc in left eye (bottom). 
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Commeni.—It has been noted that high myopia, large 
chorioretinal scars, and optic atrophy provide an apparent 
protective effect against proliferative diabetic retinopa- 
thy.2 However, te my knowledge, this case represents the 
first documented example of involution of NVD occurring 
after the development of optic atrophy. This involution 
occurred simultaneously with marked progression of neo- 
vascularization in the fellow eye, making it unlikely that 
systemic factors played a role in the involution. Though it 
cannot be stated with certainty that the optic atrophy was 
directly responsible for the new vessel regression, since 
spontaneous regression cannot be ruled out, it is strongly 
implied by the relative changes in each eye, particularly in 
the context of previous clinical observations.’ However, it 
can be staved with certainty that chorioretinal scarring 
played ne role in the regression of NVD in this case. 

Though one exception does not disprove a hypothesis, it 
must be noted that this case and other clinical observa- 
tions’ offer an alternative to the speculation that chorio- 
retinal scamring is central to the regression of neovascular- 
ization. One thing that eyes with scatter photocoagulation 
have in common with eyes in which there is optic atrophy, 
high myopia, or large chorioretinal scars is significant 
thinning o: the retina. This suggests that each of these 
conditions may be associated with enhanced oxygenation 
of the retma, something that has been experimentally 
demonstrated for laser photocoagulation.’ The possibility 
that each of these conditions might work by alleviating or 
preventing retinal ischemia is compatible with the evi- 
dence that exists linking the development of neovasculari- 
zation to capillary nonperfusion and resultant ischemia.** 
It is certainly possible and perhaps likely that alterations 
in multiple growth factors, as a result of altered oxygen- 


' ation, mignt indirectly mediate the effects of scatter 


photocoagulation‘; however, there is no reason to implicate 
chorioretinal scarring. 

The speculations of Dr Glaser as well as the alternatives 
stated here (which do not originate with me since they 
have been stated in modified form by several others in the 
past) servea useful purpose in that they provide potential 
frameworks for experimental investigation. At present, 
there is mo compelling published evidence directly support- 
ing either hypothesis. Until such evidence is available, 
both shoule be viewed with appropriate skepticism, and 
the search for alternative explanations should continue. 

PETER A. CAMPOCHIARO, MD 
Charlottesville, Va 


l. Glaser BM: Extraeellular modulating factors and the control of 
intraocular neovascularization: An overview. Arch Ophthalmol 1988; 
106:603-607_ 

2. Little HL. Proliferative diabetic retinopathy: Pathogenesis and treat- 
ment, in Little HL, Patz A, Jack RL, et al (eds): Diabetic Retinopathy. New 
York, Thieme-Stratton Inc, 1983, p 262. 

3. Stefansson E, Hatchell DL, Fisher BL, et al: Panretinal photocoagula- 
tion and retinal oxygenation in normal and diabetic cats. Am J Ophthalmol 


e 1986;101:657-6e4. 


4. Kohner EM, Shilling JS, Hamilton AM: The role of avascular retina in 


new vessel formation. Metab Ophthalmol 1976;1:15-23. 


-p 


5. Shimizu E, Kobayashi Y, Muraoka K: Midperipheral fundus involve- 
ment in @abetic retinopathy. Ophthalmology 1981;88:601-612. 

6. Campõchiaro PA, Blaydes SH: Photocoagulation does not ablate 
angiogenic markers in rabbit retina. Arch Ophthalmol 1988;106:676-679. 


Jn Reply.An my article I reviewed a number of recently 
discovered cell-derived factors that have been found to 
modulate neevascularization. I also cited extensive studies 
demonstrating that cells of the retina and retinal pigment 
epithelium can felease many of these modulators of neo- 
vascularization 4s a reaction to a number of stimuli. These 
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facts prompted the suggestion that “Laser treatment may 
have its effect via subsequent alterations in the production 
of these cell-derived factors that occur during the healing 
process and within the resulting scar.” In other words, the 
reactive changes of the retinal pigment epithelium and 
retinal cells during subsequent scar formation may induce 
the release of neovascular inhibitors by these cells. 

Dr Campochiaro now cites a single case report in which 
regression of NVD was associated with the development of 
optic atrophy. He concludes from this single case that an 
alteration in the synthesis and release of neovascular 
inhibitors by cells of the retina could not have occurred. 

In fact, axonal atrophy in the central nervous system 
results in reactive changes in surrounding glia. The 
response of retinal glia to retinal ganglion cell atrophy 
following optic atrophy may well trigger a release of 
neovascular inhibitors similar to the response following 
laser treatment. Although most of the data so far reported 
have pertained to retinal pigment epithelium, more recent 
information from our laboratory suggests that retinal glia 
may have similar properties. 

In summary, the observation Dr Campochiaro makes 
regarding the course of neovascularization in his patient 
following the development of optic atrophy is absolutely 
consistent with my thesis that the synthesis and release of 
extracellular modulating factors by cells of the retina 
following pathologic and therapeutic intervention may 
play an important role in the control of intraocular 
neovascularization. 

BERT M. GLASER, MD 
Baltimore 


Aneurysm Causing Third Nerve Palsy 
in a 15-Year-Old Boy 


To the Editor.—I enjoyed reading the report by Lustbader 
and Miller’ in the May issue of the ARCHIVES concerning 
pupil-sparing third nerve palsy due to an aneurysm. I also 
enjoyed the editorial by Trobe.’ Dr Trobe made the point 
that below age 20 years, aneurysms are so rare that we can 
bypass angiography if there are no signs of subarachnoid 
hemorrhage and if noninvasive imaging is negative. I 
agree that aneurysms are very rare under the age of 20 
years, but if one suspects an aneurysm, angiography may 
be the only way to make the diagnosis, which might be 
lifesaving. 

A 15-year-old boy presented with a four-day history of 
complete ptosis of the left upper eyelid. He had been 
experiencing severe headaches for one week and had had 
two episodes of vomiting. Visual acuity was 20/20 OD and 
20/40 OS. He had a complete left third nerve palsy with 
pupillary involvement. He had a large left exotropia and 
right hypertropia in the primary position at distance and 
near. The exotropia increased in right gaze, as he could not 
adduct the left eye past the midline. A large right hyper- 
tropia was present in upward gaze in addition to the 
exotropia, as he could not elevate his left eye past the 
midline. A large left hypertropia waspresent in downward 
gaze in addition to the exotropia, as he could not depress 
his left eye past the midline. His left gaze was normal. 
Intorsion on attempted adduction was seen, showing an 
intact left superior oblique muscle. The pupil was fixed and 
nonreactive to light or accommodatien in the left eye at 5 
mm. 

Diabetic ophthalmoplegia is usually not a finding in 
childhood diabetes. Third nerve palsy has been seen in 
juvenile myasthenia gravis, but the pupil is characteristi- 
cally uninvolved. A diagnosis of ophtnalmoplegic migraine 
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Angiogram showing aneurysm of left anterior choroidal artery. 


was entertained because of the knowledge that migraine 
can produce a third nerve palsy involving the pupil. In 
most patients, however, the onset of ophthalmoplegic 
migraine occurs prior to age 10 years. The start of ophthal- 
moplegic migraine involving the third nerve has been 
reported as early as 8 months of age.* The ratio of third 
nerve to sixth nerve palsy in migraine is 10:1. As migraine 
is a diagnosis of exclusion, a workup proceeded. Computed 
tomographic (CT) scanning without contrast failed to show 
any lesions. However, an aneurysm was readily seen on CT 
scan; contrast appeared to come off of the left internal 
carotid artery at the junction of the posterior communi- 
cating artery. Angiography was performed, disclosing an 
aneurysm of the anterior choroidal artery (Figure). At 
surgery it was confirmed that this aneurysm was com- 
pressing the left third nerve. It measured 15 X 7 mm. The 
aneurysm was successfully ligated. The complete left third 
nerve palsy was unchanged after six weeks. A spinal tap at 
the time of surgery to decompress the brain showed 
xanthochromic fluid. 

Neurosurgeons and radiologists disagree on the percent- 
ages of patients with aneurysms that will be undiagnosed 
if only CT scan with contrast is used. Statistics vary from 
80% to 10%. The actual percentage is probably somewhere 
in between. Regardless of the patient’s age, an aneurysm 
should be strongly considered in a third nerve palsy with 
pupillary involvement. Angiography should be strongly 
considered in life-threatening situations. 

ZANE F. POLLARD, MD 
Atlanta 


Reprint requests to 960 Johnson Ferry Rd NE, Atlanta, GA 30342 (Dr 
Pollard). 
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The New Crawford Hook: Is It Safe? 


To the Editor.—Crawford' has described a set of probes 
and a hook for placement of silicone tubing in the lacrimal 
drainage system.’ I have found this original intubation set 
to be especially useful in children and have used it without 
incident in approximately 25 pediatric cases since 1980. 
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Recently, I have treated two cases in which a new 
version of the Crawford hook broke during attempted 
delivery of the probe from the nose. 


Report of Cases.—CAsE 1.—A 17-month-old boy had a congeni- £ 
tal nasolacrimal duct obstruction. A previous probing at 15 
months of age had failed to clear the obstruction. Firm scar tissue 
was encountered in the distal nasolacrimal duct during intuba- 
tion. The inferior turbinate was fractured medially to allow better 
access by the Crawford probe. The Crawford hook that was used 
had been purchased in August 1986, and was new. It broke 
promptly after the probe was engaged and a pulling force was 
exerted. A powerful magnet was used unsuccessfully in an effort 
to recover the broken portion of the hook from the nose. The 
fragment was found lodged in a Frazier suction tip that was used 
to suction the nose near the nasolacrimal duct opening. The probes 
were then retrieved with an alligator forceps. 

CASE 2.—A 2-year-old girl had an inferior canalicular laceration 
that resulted from a motor vehicle accident. The cut ends of the 
canaliculus were visualized with the operating microscope and a 
Crawford probe was passed through the lacrimal drainage system. 
The Crawford hook that was used had been purchased in Novem- 
ber 1987, and was new. The hook broke promptly after the probe 
was engaged and delivery was attempted with gentle traction (Fig 
1). A magnet failed to recover the hook fragment, which was later 
found to be nonmagnetic. Suction was used in the nose. Roentgen- 
ography failed to show a metallic foreign body. The fragment was 
subsequently recovered from the suction tubing. A hemostat was 
used to retrieve the probes. 


Comment.—These experiences prompted me to examine 
the Crawford hooks that have been produced. My original 
hook, purchased in 1980, is sturdily constructed and has 
the name “Walsh” inscribed on the handle. This original 
version has worked well in my experience with 25 cases. 
The newer version has an elongated, thinner hook shaft 
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Fig 1.—Arrow indicates metallic fragment that broke from new version 
of Crawford hook. Previously unused hook broke during its initial use in 
case 2. Distal end of hook is not blackened (appearance is photograph- 
ic artifact). 
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Fig 2.—Note difference in thickness and length of hook shaft on 
original version (small arrow) and new version (large arrow). 
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and has ne name inscribed on its handle (Fig 2). The new 
version is the heok that broke on first use in each of two 
cases. While it s true that instruments of small dimen- 
sions will break if undue stress is applied, I have used the 
original hook in 25 eases similar to those reported herein 
and it has not broken, whereas two new-version hoeks 
broke during their initial use. 

The company that markets this instrument has been 
informed of my concerns. I would like to caution those 
surgeons using the new version of the Crawford hook to 
beware ef the posential for breakage of the hook and loss of 
a metallic foreign body in the nose. An alternative retriev- 
al system for the Crawford hook has been devised by Tse 
and Anderson.’ 

MICHAEL J. HAWES, MD 
Denver 


The new Crawford acok is manufactured by the JEDMED Instrument Co, 
St Louis. The authordees not have any commercial or proprietary interest 
in these pro@ucts, ner does he have any financial interest as a consultant, 
reviewer, or evaluater for these products or this company. 


1. Crawford JS: Insubation of obstructions in the lacrimal system. Can J 
Ophthalmol 1977;12:289-292. 

2. Kraft SP, Crawford JS: Silicone tube intubation in disorders of the 
lacrimal system in caildren. Am J Ophthalmol 1982;94:290-299. 

3. Tse DT. Andersen RL: A new modification of the standard lacrimal 
groove diretor for nasolacrimal intubation. Arch Ophthalmol 1983; 
001:1938-1938. 


Professional Cards and the Visually Impaired 


To the Hcator.—A standard, professionally printed busi- 
ness card shoulc be informative to anyone who possesses 
it. While most ophthalmologists’ cards contain a lot of 


Your Name, M.D. 
1234 Main Street 


Anytown, ST 34567 
Phone Number 





Fig 1.—Obvwerse (front side) of standard business card with print size 
J5 or J6 (Snellen ‘distance equivalent” of 20/30 or 20/40). 


Fig 2.—Reverse side of standard business card with 34-point type 
(Snellen “distance equivalent” of 20/400). 









‘Dr. Yourself 
Office Number 
(999) 123-4567 
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information useful to the average patient, an unfortunate 
number of our patients suffer from uncorrectable visual 
impairments and are thus unable to utilize this informa- 
tion. For example, ask the patient with age-related macu- 
lar degeneration what his or her ophthalmologist’s tele- 
phone number is, and the task may be impossible or at 
least embarrassing to the person who requires a low-vision 
aid. The print is often as small as five- or six-point type, 
which corresponds to a Snellen “distance equivalent” of 
20/30 or 20/40 (Fig 1). 

To meet the needs of the patient with reduced vision who 
may need to contact his or her ophthalmologist, an alter- 
native is clearly necessary. The reverse side of the stan- 
dard business card could be printec with the name of the 
ophthalmologist and the telephone number where he or 
she can be reached (Fig 2). Such printing can be easily and 
relatively inexpensively done at the time the obverse side 
is printed. Depending on the length of the ophthalmolo- 
gist’s name, telephone number, and other pertinent infor- 
mation, the type size can easily be in excess of 26-point 
type and may approach 34-point type (the approximate 
size of the Snellen 20/400 “distance equivalent”). 

We ophthalmologists can and should be more responsive 
to our patients’ visual needs; by “double-printing” our 
cards we can easily and readily accomplish this. 

CARL A. FRANKEL, MD 
Hershey, Pa 


The Mainster Lens in Eyes With Intraocular Gas 


To the Editor.—The Mainster lens used for photocoagula- 
tion of the posterior pole and panretinal photocoagulation 
gives a wide field of vision and good magnification at the 
same time. Recently, I found a new use for this lens and 
would like to share it with your readers. 

I saw a patient with a macular hole and a total retinal 
detachment that recurred after vitrectomy and partial 
laser photocoagulation. The patient underwent an air-fluid 
exchange at the slit lamp; however, because of her 
advanced age and poor cooperation, a 50% fill was 
obtained. With positioning, the retinal detachment disap- 
peared. At completion of laser photecoagulation, I tried to 
use the conventional plano contact lens and found that the 
meniscus and the multiple reflections on the anterior 
surface of the bubble were interfering with a precise view 
of the macula. Even with eye movement, laser treatment 
was impossible. By using the Mainster lens, I obtained a 
wider field. With a small movement of the lens, I was able 
to bypass the optical interference and successfully photo- 
coagulate the retinal tear. 

The Mainster lens provides another application of binoc- 
ular indirect ophthalmoscopy at the slit lamp. It gives an 
inverted magnified image with good retinal detail that is 
comparable with conventional biomicroscopy. The field 
size is comparable with that obtained with a 20-diopter 
lens. The lens offers good retinal resolution even through 
moderately hazy media. In the case described herein, 
because of the wider field and the minimal beam astigma- 
tism in the periphery of the field, it was possible to bypass 
the ocular opacity caused by the gas bubble. 

GILLES DESROCHES, MD 
Ottawa 


The author does not have any commercial cr preprietary interest in the 
Mainster lens. The author does not have finaneial interest as a consultant, 
renewer, or evaluator for the lens. 
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A Simple Grip/Protector for Gonio, Fundus, and 
Indirect Ophthalmoscopic Lenses 


To the Editor.—I have had difficulty keeping finger trac- 
tion on contact gonioscopic and fundus lenses during 
examination and laser treatments. Although some lenses 
have serrated side edges, the edge of the front surface is 
often the only area available for traction, particularly in 
patients with deep-set eyes or protruding orbital rims. 
Rotating such a lens through pressure on the front of the 
eye is usually the only way that it can be manipulated. One 
company (Haig-Streit, Bern, Switzerland) makes a snap- 
on ring for their lenses that are not serrated and extends 
several millimeters in front of the lens into the small space 
between the slit lamp or laser, making their use impracti- 
cal. 





Goniofundus and indirect ophthalmoscopic lenses with Penrose drain 
grip / protector. 


I have alleviated some of these problems with a Penrose 
drain. A small section (approximately 0.5 in [1.27 mm]) of a 
commonly available Penrose drain (available in 0.25 in 
[0.635-mm] increments up to 2 in [5.08 mm]) can easily be cut 
and fitted over the end of either a goniolens, a fundus contact 
lens, or an indirect ophthalmoscopic lens (Figure). The size 
of the Penrose drain should be slightly less than the 
diameter of the lens to be covered, eg, a 1.25-in (3.175-mm) 
Penrose drain fits nicely on a 1.5-in-diameter lens. 

With this adaptation, the fingers, which hold or push the 
lens against the eye, now have an area of rubber traction to 
facilitate holding and rotating the lens. If the lens is 
extruded or dropped, the Penrose drain acts as a protector 
to reduce the chances of chipping the edge. 

R. SLOAN WILSON, MD 
Little Rock, Ark 


Diagnosis of Inferior Turbinate Impaction 


To the Editor.—For successful probing of congenitally 
closed nasolacrimal ducts in pediatric patients, the probe 
must reach the inferior nasal meatus. Various methods 
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have been developed to confirm passage of the probe into 
the nose. These have included touching the inner end of the 
probe! and using another probe as a checkprobe.* However, 
a probing done carefully with these methods may fail to 
resolve the obstruction. In this case the patient usually 
undergoes a subsequent probing and/or inferior turbinoto- 
my.' If the turbinotomy is successful, the surgeon decides 
the patient had a narrow inferior meatus or an impacted 
inferior turbinate. This diagnosis thus depends on the 
surgical outcome, but it would be better for the surgeon to 
diagnose the condition in advance. 

During a seven-year period, a total of at least 500 
pediatric patients with contenital nasolacrimal duct block 
other than several cases of bony obstruction underwent 
probing carried out by the above methods.'’ Using a 2-mL 
syringe, every probing was followed by the injection of 
isotonic saline through a 22-gauge, 32-mm, straight lacri- 
mal cannula (Bangerter’s type) inserted as far as the tear 
sac to determine the patency of the nasolacrimal duct. If 
the fluid did not enter the nose freely, the cannula was 
advanced to reach the floor of the inferior meatus, a second 
probing. The fluid was then injected moderately into the 
nose while the cannula was pulled back slowly to the 
middle of the nasolacrimal duct. If the fluid exited partly 
or entirely from the other punctum after the tip of the 
cannula passed through the newly created ostium, we 
diagnosed impaction of the inferior turbinate. During the 
turbinotomy, the syringe was detached from the cannula, 
the tip of which remained in the nasolacrimal duct. The 
procedure was followed by irrigation to make certain of 
success and to wash away any clotted blood. 

Thus, 35 patients underwent inferior turbinotomy after 
unsuccessful probing, and 28 had very good results. The 
other seven patients had suspected fibrosis at the lower 
end of the nasolacrimal duct and had retrograde silicone 
intubation,’ which resulted in favorable outcome in five of 
them. The remaining two patients were helped by a later 
dacryocystorhinostomy. 

While it is difficult to show impaction of the inferior 
turbinate using rhinoscopy, the present examination may 
be valuable in diagnosing it prior to turbinotomy in 
children. The method described cannot necessarily differ- 
entiate an impacted turbinate and fibrosis at the lower end 
of the nasolacrimal duct, but, in any case, it could obviate 
multiple probings that are performed without permanent 
success on some pediatric patients with congenital nasola- 
crimal duct obstruction. 

Koj NAGASHIMA, MD 
Kyoto, Japan 


1. Jones LT, Wobig JL: Surgery of the Eyelids and Lacrimal System. New 
York, Aesculapius Publishers Inc, 1976, pp 166-167. 

2. Nagashima K: A simple aid to successful probing of congenitally 
obstructed nasolacrimal ducts. Ophthalmic Surg 1988;19:363-364. 


3. Nagashima K: Retrograde silicone intubation of the nasolacrimal duct e 


in children. Jpn J Ophthalmol 1978;22:449-459. 
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Successful Treatment of a 
Subretina’ Abscess in an 
Intravenous Drug Abuser 


To the Editer.—Subretinal abscess is 
an unusual clinical entity. We 
describe = subretinal abscess with 
minima! vitreous involvement in an 
intravenows drug abuser. Cultures of 
subretinal material yielded Aspergil- 
lus flavus. 


Report of « Case.—A 40-year-old man 
presented with pain of five days’ duration 
and central visual! loss in his right eye. He 
had previously abused intravenous cocaine. 
Ocular anc medica! history were unre- 
markable. General physical examination 
results were normal. 

Eye examination revealed a visual acuity 
of counting fingers in the right eye and 
20/25 OS. There was no relative afferent 
pupillary defect. Slit-lamp examination of 
the righteye showed a hyperemic conjunc- 
tiva, fine keratic precipitates on the corne- 


Fig 1.—Funcus photograph showing subretinal abscess before treat- 


ment. 
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al endothelium, moderate cellular reaction 
in the anterior chamber, and minimal cel- 
lular reaction in the anterior vitreous. 
Intraocular pressure was 8 mm Hg OD and 
12 mm Hg OS. 

Fundus examination of the right eye 
demonstrated a well-defined, creamy, yel- 
low subretinal mass confined to the poste- 
rior pole with overlying scattered intrare- 
tinal hemorrhages (Fig 1). The left eye was 
normal. 

At admission to the hospital, electrolyte 
levels, liver funetion test results, erythro- 
cyte sedimentation rate, complete blood 
cell count, four sets of blood cultures, 
serum VDRL, fluorescent treponemal anti- 
body absorption, anti-human immunodefi- 
ciency virus titer, chest roentgenogram, 
echocardiogram, and orbital computed 
tomographic scans were negative or nor- 
mal. Ocular ultrasonography confirmed 
the presence of a chorioretinal lesion. The 
infectious disease service found no other 
systemic abnormalities. 

The lesion was observed for one week 
without change. and no medications were 


administered. A pars plana vitrectomy was 
performed for diagnostic purposes. The 
central vitreous gel was removed. A retino- 
tomy made into the abscess cavity, tempo- 
ral to the macula, allowed purulent fluid to 
be milked out of the subretinal space for 
collection. Endophotocoagulation was ap- 
plied to create a chorioretinal adhesion 
around the retinotomy. An air-fluid 
exchange was performed. 

Gram’s stain of the subretinal fluid 
showed few gram-negative rods with many 
white blood cells, mostly polymorphonucle- 
ar leukocytes. Staphylococcus epidermidis 
grew in one bottie of broth but no gram- 
negative organisms were cultured despite 
the Gram’s stain detection; the S epider- 
midis and the gram-negative rods were con- 
sidered contaminants. Two colonies of A 
flavus grew on the chocolate agar plate. 
Vitreous studies all yielded normal results. 

Postoperatively, the abscess decreased 
in size. At six months’ follow-up, visual 
acuity in the right eye remained counting 
fingers. Slit-lamp examination was unre- 
markable in both eyes. The retina 


Fig 2.—Fundus photograph six months after surgery. Fibrotic scar 
after drainage and endophtocoagulation around abscess cavity. 
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remained attached, and the abscess had 
developed into a dry chorioretinal scar (Fig 
2). 

Comment.—An endogenous subreti- 
nal abscess is a rare clinical entity in 
which diagnosis is elusive and treat- 
ment is often ineffective. Endogenous 
Aspergillus endophthalmitis is a well- 
known complication of intravenous 
drug abuse.! 

Our diagnosis of an Aspergillus sub- 
retinal abscess was based on the 
growth of colonies of A flavus, the 
presence of white blood cells on the 
Gram’s stain, and the clinical appear- 
ance of the lesion (preoperatively and 
operatively) in the appropriate clini- 
cal setting. 

Treatment of endogenous endoph- 
thalmitis is controversial. Surgical 
therapy with pars plana vitrectomy 
was first reported in the diagnosis 
and treatment of endogenous fungal 


Symmetrical Lid Margin Erosions: 
A Condition Specific to 
Pemphigus Vulgaris? 


To the Editor.—The vesicobullous dis- 
eases are variable in their ocular 
involvement. In contrast to mucous 
membrane pemphigoid, where ocular 
involvement is frequent and severe, 
pemphigus vulgaris (PV) is only rare- 
ly associated with ocular problems. 
We present a case of PV with ocular 
features, which we believe may repre- 


Fig 1.—Erosion of lid margin in left eye. 
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endophthalmitis by Snip and Michels.’ 
Our case demonstrates the successful 
treatment of a subretinal abscess with 
vitrectomy and internal drainage 
through a retinotomy, leading to scar 
formation without further sequelae. 
Drainage of an abscess cavity is a 
basic tenet of general surgery and 
may be responsible for this patient’s 
rapid recovery. The use of an internal 
retinotomy to drain a subretinal 
lesion has been previously reported.’ 
We did not use intravitreal antifungal 
agents at the time of surgery because 
the diagnosis was unclear. Postopera- 
tively, the rapid clinical improvement 
and the lack of vitreous involvement 
discouraged the use of antifungal 
therapy. 

Antifungal agents have an impor- 
tant role in the therapy of fungal 
endophthalmitis. Our case is unique in 
that infection was confined to the 


sent a specific manifestation of the 
condition. 


Report of a Case.—A 58-year-old man 
presented in 1984 with a two-month histo- 
ry of oral ulceration and a rash on his chest 
and back. There were no other pertinent 
features in his medical history. Clinically, 
the lesions were those of PV, and skin 
biopsy specimens were obtained for histo- 
logical examination and direct immunoflu- 
orescence (DIF). 

Histologic examination of the tissue 
showed acantholytic intraepidermal bulla 
formation near the basal layer with a 
dermal mixed inflammatory infiltrate and 


subretinal space, and vitreous involve- 
ment was limited. 
LAWRENCE S. HALPERIN, MD 
St Louis 


ROBERT L. ROSEMAN, MD 
Gainesville, Fla 


This study was supported in part by an unre- 
stricted grant from Research to Prevent Blind- 
ness Inc, New York (to the Department of Oph- 
thalmology, Washington University School of 
Medicine, St Louis). 
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endophthalmitis. Am J Ophthalmol 1976;82:699- 
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3. Hanscom TA, Diddie KR: Early surgical 
drainage of macular subretinal hemorrhage. 
Arch Ophthalmol 1987;105:1722-1723. 


acutely inflamed fragments of superficial 
epidermis. Direct immunofluorescence 
showed intercellular epidermal staining 
for IgG. Serological examination showed a 
low titer of antidesmosomal antibodies. 

A diagnosis of PV was made, and the 
patient was treated orally with 40 mg of 
prednisolone sodium phosphate daily and 
50 mg of azathioprine sodium twice daily. 
Since the diagnosis, the patient has 
enjoyed only brief remissions and has 
undergone plasmapheresis on several occa- 
sions. 

In January 1986, he complained of sore 
eyes and a serous ocular discharge. An 
ophthalmic opinion was sought, and exam- 


Fig 2.—Erosion of lid margin in right eye. 
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ination at that time revealed bilateral 
serous conjunctivitis and symmetrical ero- 
sions of the lower lid margins on both 
sides, just media. to the lower punctum 
(Figs 1 and 2). The punctae were otherwise 
normal, undisplaeed, and patent. Visual 
acuity was 20/20 OU; there was no evi- 
dence of conjunct-val scarring, fibrosis, or 
symblepharon; and the corneal epithelium 
was healthy. A conjunctival biopsy was not 
thought to be justified, but conjunctival 
scrapings were performed on the lesions 
and perilesiona!l conjunctiva. Specimens 
submitted for DF examination, as de- 
scribed by Coscia-Porrazzi et al,’ showed 
typical cellular staming for IgG, charac- 
teristic af PV. Microbiological examination 
ef the lesions and conjunctival sacs demon- 
strated no pathegenic organisms. The 
patient was treated with topical predniso- 
lone drops, and altheugh the conjunctivitis 
and his diseomfort have resolved, there has 
been no change ir the appearance of the 
erosions. 


Comment.—The introduction of im- 
munofluorescent techniques has 


Conjunctival Me:anoma With Balloon 
Cell Transformation 


To the Fditor.—3alloon cells in cuta- 
neous nevi and melanomas have 
lucent cyteplasm due to vacuolar dis- 
organization of melanosomes.' Al- 
though previously described in associ- 
ation with conjunctival nevi, balloon 
cell transformation has not been 
reported in malignant melanoma of 
the conjunctiva.” 


Report of a Case-—A 59-year-old woman 
was referred for evaluation of a right 
upper eyelid tumor that was first noticed 
by the patient one month earlier. On exam- 
ination her corrected visual acuity was 
20/20 OU. A firm mass was palpable 
through the skin oi the right upper eyelid. 
It involved the entire breadth of the lid and 
in some areas was more than 1 ecm thick. 
The tumor extended into the right lower 
eyelid and could ke seen in the inferior 
cenjunctival cul-de-sac as an ill-defined 
cream-colored mass (Fig 1). Biopsy speci- 
mens from the inferior conjunctival cul- 
de-sac were placed immediately into a 
buffered solution oi 4% formaldehyde and 
3% glutaraldehyde 

Light microscop revealed a prolifera- 
tion of atypical cells within the epithelium 
and a_nonpigmented undifferentiated 
malignant neoplasm of the lamina propria 
(Fig 1, Inset). Fontana’s stain for melanin 
was negative both in the invasive tumor 
„and in the epithelum. Cells with foamy 
cytoplasm weye present focally within the 
tumor (Fig 2,inset) An immunoperoxidase 
stain for 5-100 prosein was strongly posi- 
tive, reacting with atypical cells in the 
epithelium and inthe lamina propia; stains 
for leukocyte common antigen and epithe- 
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greatly enhanced our understanding 
of cutaneous and mucous membrane 
bullous disorders. Unfortunately, be- 
fore the introduction of these tech- 
niques, the classification of ocular 
mucous membrane disease was impre- 
cise. The early literature combines the 
features of PV with those of mucous 
membrane pemphigoid and cicatricial 
conjunctivitis. True ocular PV can 
involve the eyelids, conjunctiva, cor- 
nea, lens, and iris. The typical lesion 
of PV is a catarrhal or purulent con- 
junctivitis. Conjunctival bullae are 
described but are rare. In contradis- 
tinction to cicatricial conjunctivitis, 
chronic scarring of the conjunctiva is 
not a feature of PV. 

The lesions we described, of a dis- 
crete erosion of the lid margin, may 
well be a specific feature of PV. Simi- 
lar lesions in PV have been described 
by Bean et al? and Lisch.’ In one case, 
DIF was performed on conjunctiva, 


lial membrane antigen were negative. 
Electron microscopy demonstrated 
marked cytoplasmic vacuolization and a 
few poorly melanized melanosomes (Fig 2). 
Most vacuoles contained granular debris 
and coiled membranes presumably from 
degenerating melanosomes; the cytoplasm 
of some cells contained lipid bodies (Fig 2). 
Ultrastructural findings supported the 
diagnosis of malignant melanoma arising 
in primary acquired melanosis while also 


and intercellular binding of IgG was 
demonstrated.* Although we did not 
perform conjunctival DIF, the immu- 
nostaining of cells scraped from 
mucous membranes in patients with 
PV is a reliable method of diagnosis.’ 
We believe that erosion of the medial 
end of the eyelid in the absence of 
gross lid margin disease, such as 
ulcerative blepharitis, may be specific 
for PV. 

MICHAEL. E. NELSON, MB, FRCS 

IAN G. RENNIE, MB, FRCS (Eb) 

Sheffield. England 


1. Coscia-Porrazai L, Maiello FM, Ruocco V, et 
al: Cytodiagnosis ef oral pemphigus vulgaris. 
Acta Cytologica 19&5;29:746-749. 

2. Bean SF, Holu»ar K, Gillett RG: Pemphigus 
involving the eye. Arch Dermatol 1975;111:1484- 
1486. 

3. Lisch K: Blasenbil@ende Dermatosen mit 
besonderer Berucksichtigung der Lidsymptoma- 
tik beim Pemphigus valgaris. Klin Monatsbl 
Augenheilkd 1983;183:493-496. 


documenting focal balloon cell transforma- 
tion. 

The patient had a thorough systemic 
evaluation and had no evidence of regional 
or systemic metastasis. Inspection of the 
palpebral surface-of her right upper eyelid 
showed small patches of melanosis that 
were not noted on initial examination. The 
woman underwent a right orbital exenter- 
ation and had an uneventful postoperative 
recovery. 


Fig 1.—Cream-colored tumor bulging forth from inferior conjunctival cul-de-sac. Focal hemor- 
rhage is due to biopsies done four days before. Inset, Nonpigmented neoplastic cells are present 
in epithelium (between arrows). Lamina propria contains undifferentiated tumor cells (hematoxy- 
lin-eosin, original magnification X45). 
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Fig 2.—Cytoplasm of tumor cells is packed with vacuoles containing granular debris and coiled degenerating membranes, 
and with a few lipid bodies (L) (original magnification X4800). Inset, Cytoplasm of tumor cells is replaced by numerous small 
vacuoles (toluidine blue, epoxy resin [Epon] section, original magnification X290). 


Comment.—The diagnosis of malig- 
nant melanoma was not initially 
entertained clinically in this case 
before biopsy because the majority of 
the tumor and primary acquired mel- 
anosis was not pigmented. Clinically, 
the lack of pigmentation and diffuse 
infiltrative nature of the lesion sug- 
gested lymphoma. Acquired melano- 
sis without pigmentation may be dif- 
ficult to distinguish from normal or 
inflamed conjunctiva clinically until 
the onset of invasive malanoma, at 
which time a nodular lesion may sug- 
gest the diagnosis.‘ 
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It has been postulated that the 
coalescence of vesicular melanosomes 
in cutaneous balloon cell tumors is 
due to an arrest in the biosynthesis of 
melanin. In contrast, the accumula- 
tion of cytoplasmic lipid is responsible 
for the formation of most balloon cells 
in melanomas of the uveal tract.! It is 
interesting that coalesced vesicular 
melanosomes as well as cytoplasmic 
lipidization were features of this con- 
junctival melanoma arising in prima- 
ry acquired melanosis. 

Curtis E. MARGO, MD 
Tampa, Fla 


1. Jakobiec FA: The ultrastructure of conjunc- 
tival melanocytic tumors. Trans Am Ophthal Soc 
1984;82:599-752. 

2. Pfaffenbach DD, Green WR, Maumenee AE: 
Balloon cell nevus of the conjunctiva. Arch Oph- 
thalmol 1972;87:192-195. 

3. Jao W, Fretzin DF, Sundaran L, et al: 
Balloon cell nevus of the conjunctiva. Arch 
Pathol Lab Med 1973;96:124-126. 

4. Griffith WR, Green WR, Weinstein SW: 
Conjunctival melanoma originating in acquired 
melanosis sine pigmento. Am J Ophthalmol 
1971;72:595-599. 


Case Reports 


“The way I see it, 


I control every cataract surgery I perform 
by expecting the unexpected. 


But when it happens, 
the procedure takes longer. 


I sweat a little more. 


My heart beats a little faster” 
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AMA President-Elect Rallies 


Ophthalmologists at AAO Meeting 


CHICAGO— Retaining a pluralistic and free enterprise in medi- 
cine while keeping essential professional values is the imminent 
challenge facing physicians, said Alan R. Nelson, MD, president- 
elect of the American Medical Association. Dr Nelson was a 
featured speaker at the 1988 Annual Meeting of the American 
Academy of Ophthalmology in Las Vegas on Oct 9, 1988. 

Speaking just days after the release of the Resource-Based 
Relative Value Study (RBRVS), Dr Nelson addressed the issues 
confronting ophthalmologists and what they need to do to protect 
their interests and integrity. 

“The pressures for change in the way physicians are paid is 
enormous, and no one questions that change will take place,” he 
said. “But through all of that, there are essential values in our 
profession that we can successfully retain.” 

In protecting the interests of ophthalmologists, Dr Nelson 
advocates setting goals, defining the essential elements of the 
profession, organizing and getting involved, and finally, making a 
determination that, with so much at stake, we must be committed 
and win. 

“We must have professional autonomy commensurate with the 
responsibility,” Dr Nelson explained. “Physicians still have the 
responsibility for what happens to their patients and the conse- 
quences of their management of care, but the authority to make 
key decisions is being challenged by other professions. It is being 
challenged by government PROs and even patients themselves. 
Managed utilization programs are calling for mandatory second 
surgical opinions and prior authorization for hospitalization, and 
length of stay review. 

“We understand that accountability goes with the territory, and 
we must assure quality,” Dr Nelson said. “If we default on the 
authority, we can’t complain. That is, if I don’t go to a nursing 
home to see my patient, I can’t complain if the nursing profession 
takes over that portion of my practice activity. But I am convinced 
that patients want an advocate. They want us to have the 
authority that goes with the responsibility.” 

Equity and fairness in reimbursement is another goal. “Some 
physicians make more money than they should, but most physi- 
cians work very hard for what they are paid, and they are worth 
what they make. A schedule of payments derived from a scientif- 
ically valid fee schedule is based on the work that is involved in 
providing the service, with the right to bill the difference between 
what the payment is and what the physician’s usual fee may be. It 
is the best way to bring reason and fairness to a system that 
everyone agrees needs revision. 

“If one argues against the RBRVS, one must then say what kind 
of fee schedule they are in favor of,” Dr Nelson declared. Physi- 
cians must choose which schedule of payments they consider fair 
and defend it. 


Michael D. Springer, Section Editor 
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“We must have full due process in all our reviews,” Dr Nelson 
added. “The vast majority of physicians have good and appropri- 
ate reasons for what they do, and they are tired of taking the rap 
for those few that abuse their professional responsibility. We 
must be presumed innocent until proven guilty, and we must rely 
on education to change behavior.” 

Relief from the malpractice crisis and an alternative dispute 
resolution system, such as the one designed by the AMA and 
national specialty societies, are also essential, he said. 

To reach these goals, Dr Nelson stresses grass-roots involve- 
ment. “We must be informed and willing to write policymakers. To 
win, we have to be personally involved, united, and organized into 
organizations that are strong, that are triple-threat. 

“Note the pressures to convert medicine to a public utility and 
that the alternative systems of physician payments that are being 
considered include capitation and DRGs,” Nelson continued. “If 
we have a schedule of payments that is different from an RBRVS, 
it would almost certainly be based on one that is less equitable, 
such as the Canadian system or a charge-based system with a 
consecutive series of cuts for the so-called high-priced procedures. 
Ophthalmology, for instance, could easily continue to take a series 
of hits under the inherent reasonableness application, which I am 
convinced will continue to be applied.” 

“It’s important that we understand that there are some signif- 
icant shortcomings in the Hsiao study at this point,” Dr Nelson 
noted. “The projections of physicians’ income that were made in 
the accompanying article using 1986 data really don’t reflect the 
1988 world. The process the AMA is going to use in evaluating that 
and providing a report to the House of Delegates is going to 
involve opportunities on a continuing basis to get the input and 
reaction and analysis from national specialty organizations such 
as the American Academy of Ophthalmology.” 

Despite the succession of blows ophthalmology has endured the 
last few years, Dr Nelson sees reason for optimism. “We’re 
entering what George Lundberg has called the Golden Age of 
Medicine,” Nelson concluded. “We’ll unlock the secrets of the cell. 
We'll find cures for debilitating illnesses, resume our places as 
community leaders. The explosion of technology in ophthalmology 
is absolutely staggering. We will have enough physicians so that ` 
we can get prompt referrals for our patients. We’ll spend some 
time with our families. We’ll again enjoy some leisure time and 
will make a decent living. I’m convinced that the public doesn’t 
want doctors with holes in their shoes.” . 

“If we default on working to achieve these goals, the scientific 
miracles of the future will not be as abundant for our people 
because medicine will no longer attract the best and the brightest 
as it has in the past and, for the good of the public, as it must in 
the future.” ee x 

JULIE FOREMAN 


1. Lundberg GD: In developed countries, the Golden Age of Medicine is at 
hand—for the patients. JAMA 1987;258:2415-2416 


In Focus 


Book Reviews 


Edited by Daniel M. Albert, MD 


Manual of Clinical Problems in 
Ophthalmotogy, by John W. Gittinger 
and George K. Asdourian, 218 pp, Bos- 
ton, Little Brown & Co Inc, 1988, $21. 


In their new Manual of Clinical 
Problems in Ophthalmology, Gittinger 
and Asdourian have compiled a “com- 
pact source for selected current refer- 
ences” and herein lie both the 
strengths and weaknesses of the new 
volume. Manual is intended as a 
source book, which identifies major 
areas of clinical interest to ophthal- 
mologists and summarizes these sub- 
jects in brief essays. The short essays, 
divided inte sections on pathogenesis, 
diagnosis, and treatment, are then 
backed up by a thorough list of publi- 
cations on the subject, which empha- 
size the reeent literature. 


“ ..a starting point for a more 
definitive review of a selected sub- 
ject.” 


Major categories include sections on 
the lids and adnexae, orbit, cornea 
and sclera, anterior chamber and 
glaucoma, lens, strabismus and am- 
blyopia, retina and vitreous, uvea, 
optic nerve, ocular motility and pupil, 
and visual pathways. Within each 
heading are a selected number of 
chapters on clinically important sub- 
jects. The strabismus section, for 
example, is divided into amblyopia, 
congenital esotropia, and accommoda- 
tive esotropia. 

Each chapter is written concisely 
and clearly but the authors have 
warned, from the outset, that their 
volume was meant as a guide and 
review rather than as a definitive 
reference. In this fashion, Manual will 
be most useful as a starting point, a 
manageable source te be taken off the 
shelf when the ophthalmologist wants 
either a quick overview of a problem 
or a starting point for a more defini- 
tive review of a selected subject. It 
will not be quite as useful either as a 
“hands;on” manual to be carried in a 
resident’s jacket pocket or as a com- 
prehensive diseussion of fine points of 
clinical. practice such as might trouble 
the experienced clinician. Rather, it is 
most successful in orienting the oph- 
thalmologist in the appropriate direc- 
tion and esing his or her quest for 
answers. i 

Jay H. KAUFMAN, MD 
. Newton, Mass 
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Cornea, Refractive, Surgery, and 
Contact Lens (Transactions of the New 
Orleans Academy of Ophthalmology), by 
Delmar R. Caldwell, 336 pp, New York, 
Raven Press, 1987, $79. 


This volume is the product of the 
35th Annual Session of the New 
Orleans Academy of Ophthalmology 
held in March 1986. Traditionally, this 
series has provided state-of-the-art 
presentations, and this most recent 
addition to the series upholds these 
standards well. This volume cannot be 
a comprehensive review of all of the 
significant recent developments in 
corneal and refractive therapeutics. 
Rather, this symposium emphasizes 
some particular areas of interest and 
controversy, with eight contributors 
well known for their original observa- 
tions and insightful analysis. 

Michael Lemp reviews the current 
understanding of the tear film and 
management of the dry eye as well as 
the effects of extended-wear contact 
lenses on the cornea, and provides an 
overview of our current understand- 
ing of corneal structural implications 
for refractive surgery. Richard Lem- 
bach reviews bandage contact lenses, 
extended-wear contact lenses, and the 
particular challenges of contact lens 
fitting for keratoconus and after kera- 
toplasty. J. James Rowsey gives his 
perspective on radial keratotomy and 


“... emphasizes some particular 
areas of interest and controver- 


” 


oe 





astigmatism after corneal transplan- 
tation. Perry Binder contributes an 
extensive review and analysis of the 
literature on surgical correction of 
astigmatism, as well as his own work 
on refractive error after combined 
keratoplasty, cataract extraction, and 
intraocular lens implantation, and a 
perspective on pathologic findings in 
some eyes after refractive corneal 
surgery. Casimir Swinger reviews 
current knowledge of variables affect- 
ing radial keratotomy and summa- 
rizes alternatives and results in the 
surgical correction of myopia, hyper- 
opia, and aphakia. 

Three chapters by Steven Kramer 
emphasize issues of cataract surgical 
technique and intraocular lens im- 
plantation from a corneal surgical 
perspective. 

Following these 18 formal review 


chapters, the remaining third of the 
book consists of roundtable discus- 
sions recorded at the symposium. Dan 
Jones and Dwight Cavanagh engage 
the other contributors in spirited dis- 
cussions of many of the areas of cur- 
rent controversy in reconstructive and 
refractive corneal surgery. For exam- 
ple, Dr Jones quizzes the panel on the 
use of “prophylactic” preoperative 
and postoperative antibiotics. In 
doing so, he expertly reviews the cur- 
rent limited base of objective data in 
this area, reminding all of us of the 
need to critically assess the basis for 
many of our clinical habits and opin- 
ions. 

Two years have passed since this 
symposium, but the content remains 
up to date. Although many of the 
details are particularly interesting to 
corneal surgeons, most general oph- 
thalmologists will also enjoy and ben- 
efit from this review. The topics are 
timely and remain controversial. This 
well-written and well-organized book 
is highly recommended to all ophthal- 
mologists who wish to remain current 
or who desire an update in this very 
active field. 

ROGER F. STEINERT, MD 
Boston 


Walsh and Hoyt’s Clinical Neuro- 
Ophthalmology, ed 4, vol 3, by Neil R. 
Miller, 1870 pp, with illus, Baltimore, 
Williams & Wilkins, 1988, $102. 


Dr Neil R. Miller, the Frank B. 
Walsh Professor of Neuro-Ophthal- 
mology at The Johns Hopkins Institu- 
tions, Baltimore, sets a very high 
standard in the first two volumes of 
his revision of Walsh and Hoyt’s clas- 
sic. Volume 1 covered the visual senso- 
ry system and the optic nerve. Volume 
2 covered the autcnomic nervous sys- 
tem, eye movements, and the sensory 
innervation of the eye and orbit. This 
latest volume, on tumors and related 
lesions, may be even better than its 
two predecessors, a remarkable 
achievement. Volume 3 is the most 
complete, the mest useful, and the 
most readable book on clinical aspects 
of nervous system tumors currently 
available, and it isapt to remain so for 
a long time. 

The first section of this large work 
(733 pages) is devoted to diagnosis. It 
informs the reader about the symp- 
toms and signs (neuro-ophthalmic 
and otherwise) of mass lesions at var- 
ious loci. Excellent illustrations assist 
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in painlessly integrating the relevant 
neuroanatomy. Here, as in all sec- 
tions, there are abundant references, 
many from 1978. Although the diag- 
nosis section contains material found 
in greater detail in the first volumes, 


“Volume 8 is the most complete, 
the most useful, and the most 
readable...” 





it is valuable to have it distilled and 
focused on the specifics of tumor 
localization. This is an accurate and 
authoritative chapter. My only reser- 
vation concerns the discussion of dis- 
orders of higher functions in posterior 
lesions of the cerebral hemispheres. 
Some terms were used inexactly (flu- 
ent aphasia in place of Wernicke’s 
aphasia), some important concepts 
were not appropriately emphasized 
(that visual hallucinations in some 
brain tumor cases may result from 
hemianopia), and some tumor symp- 
toms were omitted (anomic aphasia 
with left parietal lobe lesions and 
with increased intracranial pres- 
sure). 

The reader may be surprised to find 
that there are few neuroradiologic 
illustrations in this and the following 
chapters; this was not an inadvertent 
omission. Dr Miller wisely reasoned 
that, in light of the rate at which 
neuroimaging is evolving, “The ap- 
pearance of a CT [computed tomo- 
graphic] scan or MR [magnetic reso- 
nance] image today will not be that of 
tomorrow. On the other hand, clinical 
and pathological features are relative- 
ly constant, and illustrations of these 
should be of much value in the future 
as they are today.” In keeping with 
this policy, there are numerous high- 
quality clinical and pathological illus- 
trations. 

Eight of the remaining chapters are 
devoted to various categories of 
tumors (tumors of neuroectodermal 
origin, tumors of the meninges, 
tumors of the pituitary gland, etc); 
they are all very good. A small section 
on the neuro-ophthalmic side effects 
of tumor chemotherapy might have 
been appropriate in the chapter on 
tumors of neuroectodermal origin. In 
some cases of malignant brain tumor, 
these complications are the sole basis 
for the ophthalmologist’s involve- 
ment. The remaining chapters de- 
scribe paraneoplastic syndromes and 
the phakomatoses and are particular- 
ly well done. 

The biology and management of 
anterior visual pathway gliomas con- 
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stitute the most controversial subject 
in all of neuro-ophthalmology. Dr Mil- 
ler’s discussion of these tumors is 
impressive. He masterfully reviews 
the clinical and pathological litera- 
ture, adds some personal observa- 
tions, and offers the reader prudent 
and judicious advice. 

Tumors of the nervous system may 
not be daily fare for the practicing 
ophthalmologist, but patients with 
tumors appear sufficiently often that 
the conscientious practitioner will 
want to be prepared to diagnose them 
and appreciate their implications. 
Ophthalmologists must have this vol- 
ume readily available. If there is a 
convenient medical library, ensure 
that they purchase a copy and famil- 
iarize yourself with it. Otherwise, you 
should add this incomparable volume 
to your personal collection. 

SIMMONS LESSELL, MD 
Boston 


Surgery of the Eye: Volumes | & Il, 
edited by Stephen Waltman, Richard 
Keates, Creig Hoyt, et al, Vol 1, pp 1 to 
549 and index; Vol 2, pp 550 to 1111 
and index, New York, Churchill Living- 
stone Inc, 1988, $240. 


Surgery of the Eye is a two-volume 
text edited by six prominent ophthal- 
mologists. The sections are “General 
Considerations,” “Cataract,” “Cor- 
nea,” “Glaucoma,” “Plastic Surgery,” 
“Strabismus and Pediatric Ophthal- 
mic Surgery,” and “Retina.” Few pro- 
cedures commonly done by ophthal- 
mic surgeons are not addressed. The 
editors begin with the statement of 
purpose, which is “to provide a single 
text that elucidates the most com- 
monly utilized ophthalmic surgical 
techniques and serves as an authori- 
tative reference work for ophthalmic 
surgery.” In my opinion, this goal is 
achieved in some sections but not in 
others. 


? 


“'..a single text that eluci- 


dates the most commonly uti- 
lized ophthalmic surgical tech- 
niques...” 


While reading this book one is 
reminded that in the past decade the 
great increase in technology and 
mechanization has changed almost 
the entire field of ophthalmic surgery. 
Formerly, one was able to sit down 
with an atlas, review the procedure to 
be done from diagrams and photo- 
graphs, and be able to carry out the 
specific operation. Today, posterior 
segment surgery, phacoemulsification 
and pars plana phacofragmentation, 


and other procedures can be learned 
only by working with experienced pre- 
ceptors. Other changes in the manage- 
ment of surgical patients are evident 
from detailed descriptions of the med- 
ical conditions and diseases being 
treated, as well as discussions on the 
rationales for treatment, and consid- 
eration of possible complications and 
how they can be treated. 

Section I covers a number of com- 
mon areas and is worth reviewing by 
all ophthalmic surgeons. Section II is 
uneven. Many of the descriptions are 
thorough and accurate, while others 
are too general to be truly useful. 
There are a number of dogmatic state- 
ments that are inappropriate in this 
type of text. In addition, some of the 
photographs are too dark and 
unclear. 

Section III contains more specific 
descriptions of the procedures. Unfor- 
tunately, a number of the illustrations 
were dark or did not clearly display 
the intended condition. A notable 
inconsistency was a statement in the 
text indicating that a patch should not 
be applied after the procedure, while 
the legend with the complementary 
illustration advised the eye be 
patched for 24 hours. 


Section IV was much more well _ 


written and easily understandable. 
The pathophysiology of the various 
conditions was well explained, and the 
diagrams were clear and served as 
excellent teaching aids. Those condi- 
tions reviewed were, in most cases, of 
great interest to the general ophthal- 
mologist. 

Section V presented an extensive 
review of the field with generally 
clear descriptions of the conditions 
being treated. This chapter spelled out 
the rationale for choosing the thera- 
peutic method and included a good 
review of complications, and excellent 
photographs and diagrams. The sec- 
tion started with a chapter on anato- 
my, a prerequisite for understanding 
ophthalmic surgery. 

Section VII is the last in the text 
and occupies one fourth of this two- 
volume work. For the ophthalmologist 
without specialty training in retina, it 
is a well-written and well-illustrated 
review of many pathologic conditions 
affecting the tissue. While it is unlike- 
ly that most general ophthalmologists 
will want to undertake many. of the 
procedures, they will certainly gain a 
full understanding of them. One criti- 
cism of this section is its overabun- 
dance of statistics and. exhaustive 
explanations. : i 

ELLIOT FINKELSTEIN, MD 
Brookline, Mass 
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News and Comment 


Optic Neuritis Begins Recruitment at 
15 Centers.—Recruitment has now 
begun for a trial of methylpredniso- 
lone and prednisone for the treatment 
of optic neuritis. The trial also will 
explore the association between optic 
neuritis and multiple sclerosis. 

The Optic Neuritis Treatment Trial 
(ONTT) is the first multicenter col- 
laborative clinical trial in neuro-oph- 
thalmology sponsored by the National 
Eye Institute of the National Insti- 
tutes of Health, Bethesda, Md. 

The ONTT aims to determine 
whether treatment with either oral or 
intravenous steroids will reduce per- 
manent optic nerve damage or speed 
recovery, and whether the complica- 
tions of steroid therapy are insub- 
stantial in relation te the magnitude 
of the treatment benefit. 


Obituaries 





AIELLO, Michael Vincent, 53, Brook- 
lyn, NY; Erlangen-Nurnberg Univer- 
sity, 1965; certified by the American 
Board ef Ophthalmology; died May 20, 
1988. 


BROSNAN, Dennis William, 57, Ashe- 
ville, NC; Emory Uniwersity School of 
Medicine, Atlanta, 1956; residency, 
Eye and Ear Institute, New Orleans, 
1960; certified by the American Board 
of Ophthalmology; died June 10, 
1988. + 


DAVIS, Thayer C., 70, Beaver Dam, 
Wis; Medica! College of Wisconsin, 
Milwaukee,.0943; died June 16, 1988. 


` EICHINGER. Harold David, 40, Esca- 


naba, Mich; Southern Illinois Univer- 
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In addition, patients will be fol- 
lowed up to explore the association of 
optic neuritis with multiple sclerosis. 
Neurologic examinations, magnetic 
resonance scans, and, at times, cere- 
brospinal fluid studies will be as- 
sessed for their predictive value of the 
development of future episodes of cen- 
tral nervous system demyelination. 

To enter the ONTT, patients must 
meet the following criteria: they must 
have acute unilateral optic neuritis, 
with visual symptoms of eight days’ 
duration or less, and they must be 
between 18 and 45 years of age. 

Clinical centers are at the following 
locations: W. K. Kellogg Eye Center, 
Ann Arbor, Mich; The Johns Hopkins 
Hospital, Baltimore; University of 
Illinois, Chicago; Duke University, 
Durham, NC (with an affiliate clinic 


sity School of Medicine, Carbondale, 
1977; certified by the American Board 
of Ophthalmology; died July 14, 1988. 


MAGEE, Jefferson D., 77, Abilene, Tex; 
Louisiana State University School of 
Medicine, Baton Rouge, 1935; residen- 
cy, Charity Hospital of Louisiana, 
1938; died June 12, 1988. 


PHIPPS, Glenn Ward, 77, Petersburg, 
Va; University of Virginia School of 
Medicine, 1936; residency, University 
of Virginia Hospital, 1947; died July 
11, 1988. 


PISCHEL, Dourmann K., 92, Ross, 
Calif; Stanford (Calif) University 


at the University of North Carolina); 
Michigan State University, East Lan- 
sing; University of Florida, Gaines- 
ville; Cullen Eye Institute, Houston; 
University of Iowa, Iowa City; Univer- 
sity of California, San Diego; Univer- 
sity of Arkansas, Little Rock; New 
York University and New York Eye 
and Ear Infirmary, New York; Wills 
Eye Hospital, Philadelphia; Oregon 
Lions Sight and Hearing Institute, 
Portland; University ef Washington, 
Seattle; and Georgetown University, 
Washington, DC. 

For more informatien, contact Roy 
W. Beck, MD, at study headquarters 
at the University of South Florida 
College of Medicine, Tampa: (813) 974- 
4810. 


School of Medicine, 1923; died July 21, 
1988. 


TENN, Patricia F., 40, Washington, 
DC; Jefferson Medieal College of 
Thomas Jefferson University, Phila- 
delphia, 1977; residency, Presbyteri- 
an/University of Pennsylvania Medi- 
cal Center, 1981; certified by the 
American Board of Ophthalmology; 
died Oct 1, 1987. 


YOOD, Julian Macew, 59, Chattanooga, 
Tenn; University of Bern, Med Fak, 
Bern, Switzerland, 1956; residency, 
Montefiore Hospital Medical Center, 
Bronx, NY, 1959; certified by the 
American Board of Ophthalmology; 
died Aug 12, 1988. 
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CHRISTIAN OPHTHALMOLOGY SOCIETY 


PRESENTS AN ESSAY CONTEST 
ON THE SUBJECT 


HOW CAN WE RESTORE BIBLICAL ETHICS TO MEDICINE? 


This contest is for medical students, interns, 
residents, and fellows. The FIRST PRIZE will 

be $750. An additional $250 will be allotted 

for travel and expenses for the winner to come 

and present this paper at the 13th annual meeting 
of Christian Ophthalmology Society, which will 

be held in Oklahoma City, Okla. June 15-18, 1989. 
A second prize of $300 will also be awarded. 


All entries should be sent to Dr. Al Thomas, 

P.O. Drawer "D", Hot Springs, Arkansas 71902 
before the deadline of April 1, 1989. The awards 
will be made May 1, 1989. 


For inquiries about the meeting, write Dr. B. K. 
Farris, 3808 Chickasha, Edmond, Okla. 73013. 

To apply for grants-in-aid for help in coming to 

the meeting, write Dr. W. T. Parkerson, Suite 404, 
225 Hawthorne Lane, Charlotte, NC 28204. 
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Murti-specialty group seeks board 
éligibie/certified Ophthalmologist. 
Tremendous opportunity to help 
Gevelop new department. Excellent 
guaranteed salary and benefits 
package with production incen- 
tives. Send C.V. to: 


Medical Director 
Health First Medical Group 
350 Ridge Lake Blvd 
Memphis, TN 38119 

EOE 


ASSISTANT PROFESSOR 
OF SURGERY 
(OPHTHALMOLOGY) 


B€/BE ophthalmologist with dem- 
onstrated academic and research 
interest eligible for licensure in 
Vermont. Duties include teaching, 
clinical care, and research. A 
vEreo-retinal fellowship of at least 
one year required. Salary is com- 
petitive. Send CV and letter to: 


Dr. Phil Aitken, Chairman 

Division of Ophthalmology 

University of Vermont 
Medical School 

1 South Prospect Street 

Burlington, VT 05401 


Women and minority candidates 
encouraged to apply. An Affirma- 
tive Attion/Equal Opportunity Em- 
prover. 


ENCOURAGE COMPLIANCE. 
PILAGAN™ WITH C CAP” 
COMPLIANCE GAP 


e Tracks next dose to be taken, 

° Provides a means for others to moniter compliance. 

e Minimizes confusion for patients en multidose 
therapy or multiple medications, and 

e Offers the cooling, soothing effects of Liquifilm® 
(1.4% polyvinyl alcohol) 


PILAGAN "(pilocarpine nitrate 


Liquifilm® sterile ophthalmic solution wi 
C CAP ü Compliance Cap Q.I.D. 
15 mL 


INDICATIONS AND USAGE: Pilagan Liquifilm is indicated for: 1) The control of intra- 
ocular pressure in glaucoma. 2) Emergency relief of mwdriasis in an acutely glauco- 
matous situation. 3) To reverse mydriasis caused by cycloplegic agents. 
CONTRAINDICATIONS: Pilagan Liquifilm is contraincicated in persons showin 
hypersensitivity to any of its components. WARNINGS: Ptocampine is readily abso 
systemically through the conjunctiva. Excessive applieation (instillation) may elicit 
systemic toxici ag a in some individuals. PRECAUTIONS: General: Pilocarpine 
has been reported to elicit retinal detachment in individuals-with ro el retinal 
disease or predisposed to retinal tears. Fundus examinationis ad r all patients 
prior to initiation of pilocarpine therapy. Carcinogenesis, mutagenesis and Impalr- 
ment of fertility: No studies have been conducted in animalsor in humans to evaluate 
the potential of these effects. Pregnancy Category C: Animal reproduction studies 
have not been conducted with pilocarpine. It is also net knawn whether pilocarpine 
can cause fetal harm when administered to a pregnant woman or can affect reproduc- 
tion ont Pilocarpine should be given to a hg atc ye h only if clearly needed. 
Pediatric Use: Safety and effectiveness in children have mot been established. ADVERSE 
REACTIONS: Adverse reactions associated with topicai piloearpine therapy include: 
visual blurring due to miosis and accommodative spasm, pooedark adaptation caused 
by the failure of the pupil to dilate in reduced illumination, and conjunctival hyper- 
emia. Miotics have been reported to cause lens opacifies in susceptible individuals 
after prolonged use. Systemic reactions following topieal use of pilocarpine are rare. 


= ALLERGAN PHARMACEUTICALS 
=- A Division of Allergan, Inc., Irvine, CA 92713 


POSITION AVAILABLE 
NEURO-OPHTHALMOLOGY FELLOWSHIP 
BASCOM PALMER EYE INSTITUTE 
UNIVERSITY OF MIAMI 


A twelve-month post-graduate 
fellowship in clinical 
Neuro-ophthalmology 
is available beginning 

July 1989 through June 1990 

for Ophthalmologist or 
Neurologist interested 
in academic career 


Contact: Joel S. Glaser, M.D. 


900 N.W. 17th Street 
Miami, FL 33136 









Portrait of Noncomplia 





“Did | take my eye drops this morning 
Or, was that yesterday?” 





na Mee LF BP ge When multiple-drug regimens 

es E a tee create multiple-drug problems, you 

2) = a can help make sure compliance isn't 
among them. 

Prescribe the only pilocarpine with 
the compliance-encouraging “C Cap” 
advantage—Pilagan™ with C Cap™ 
Compliance Cap. 

ONLY PILAGAN™ WITH C CAP 
ENCOURAGES PROPER COM- 
PLIANCE BY: 

- Tracking the next dose to be taken, 

- Providing a means for others to 
monitor compliance, 

- Minimizing confusion for patients 
on multidose therapy or multiple 
medications, and 

- Offering the cooling, soothing 
effects of Liquifilm® (14% polyvinyl 
alcohol). 


Please see adjacent page for brief 
summary of prescribing information. 








w=. «  Pilagan” 


NOC 11080. p78- 48 í s : 
Pilagan” (pilocarpine nitrate) 
olen Liquifilm® sterile ophthalmic 
‘C Cap" solution with 


wire ( Cap” » 
Compliance Cap Q.D. | 2 
15 mL 
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Transplantation of Retinal Pigment 


Epithelial Cells 


Scientific Advance and Social Responsibility 


A recent ar-icle in the New York Times (Sept 25, 
1988, p 13) highlighted findings on the trans- 
plantation of »etinal pigment epithelial (RPE) cells 
as a means of ‘treating’ retinal degeneration in the 
Royal College of Surgeons (RCS) rat. The article 
stated that ths procedure not only was successful in 
treating retinal degeneration in this animal model 
but also held promise for success in treating human 
degenerative -etinal disorders, including retinitis 
pigmentosa amd age-related macular degeneration. 
James E. Turner, PhD, and Linxi Li, MD, from the 
Bowman Gray Scheol of Medicine, Winston-Salem, 
NC, have suceessfully transplanted healthy RPE 
cells from a narmal group of rats into the subretinal 
space of a congenic (similar hereditary background) 
strain of RCS rats with retinal degeneration.’ After 
performing a@lerotomy and penetrating the choroid 
in the superier quadrant of the eye, the investigators 
injected a 1-ul suspension of approximately 40000 to 
60000 RPE cells through a blunt-tip 30- to 32-gauge 
needle to form a bleb containing cells within the 
subretinal space. Some of the donor cells did not 
attach direct!) to Bruch’s membrane, but the major- 
ity eventually attached in a patchy manner, either 
singly or im clusters, at a region where sick host RPE 
cells had been displaced. The grafted cells developed 
` an apparently normal anatomical relationship with 
the photoreceptor cell outer segments that remained 
stable ‘for at East three months after transplanta- 
tion. It is noteworthy that, at an age when most 
photoreceptor cells in the RCS rat would have degen- 
erated (about one month after birth), a substantial 
œ number of cels survived in the retinal quadrant of 
` the injection ste. A similar procedure is also under 
investigation >y Peter Gouras, MD, and his col- 


., leagues at the Columbia-Presbyterian Medical Cen- 


ter in New York.’ . 
It is appareat that this innovative procedure may 
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provide new and important information on the inter- 
relations between photoreceptors and the retinal 
pigment epithelium. Moreover, the potential for 
future clinical applications makes this experimental 
technique worthy of exploration. However, it would 
be imprudent to extrapolate prematurely from the 
animal experiments to any results that might possi- 
bly be attained in humans, or to imply that the 
procedure holds great promise for treatment of 
human degenerative retinal disorders. 

The RCS rat has a unique degenerative retinal 
disease in which the gene is expressed specifically 
within the RPE cells.’ These cells are unable to 
effectively phagocytize portions of normally shed or 
discarded photoreceptor cell outer segments‘; this 
results secondarily in the death of the visual cells. 

The nature of this unique genetic trait suggests 
that the transplantation of healthy RPE cells is 
likely to be of potential value only for disorders in 
which the primary defect is expressed in RPE cells. 
To date, there is no evidence indicating that any of 
the known genetically mediated human retinal disor- 
ders result from a defect in the phagocytic activities 
of RPE cells. In fact, there is no current compelling 
reason to believe that human degenerative retinal 
disorders, such as retinitis pigmentosa or cone-rod 
dystrophy, result from any sort of primary defect of 
the RPE cell. 

Although a dysfunction within RPE cells likely 
plays some role in age-related macular degeneration, 
it is presently far from certain whether these cells 
are primarily or even indirectly responsible for the 
degenerative macular changes. Thus, the relevance 
of the RCS rat model of inherited retinal degenera- 
tion to currently known retinal disorders in 
humans—either inherited or acquired—is question- 
able. At the present time it requires a major leap of 
faith to accept findings from the RCS rat experi- 
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ments as applicable to any currently known human 
retinal disease. 

As mentioned in the New York Times article, there 
is also concern for immunologic rejection by the host 
of the transplanted donor cells. This was not an issue 
in the rat experiments, since congenic animals were 
used as both donors and recipients. However, there is 
great potential for rejection in other species, partic- 
ularly humans. Since the blood-retinal barrier has 
been demonstrated to be compromised in at least 
some retinal degenerations,”® any foreign material, 
such as RPE cells, injected into the subretinal space 
would not be immunologically privileged and could 
induce an inflammatory response that might worsen 
the retinal degeneration unless the host received 
immunosuppressive agents on a long-term basis. 
Their use, in turn, would incur the risk of toxic 
systemic side effects. 

These considerations, then, mandate a note of 
caution about the potential suitability of transplant- 
ing RPE cells in the management of macular degen- 
eration or other human degenerative diseases. The 
National Retinitis Pigmentosa Foundation Fighting 
Blindness, Baltimore, has actively supported re- 
search into RPE cell transplantation. Alan Laties, 
MD, chairman of the Retinitis Pigmentosa Founda- 
tion’s Scientific Advisory Board, has expressed a 
similar caution about drawing premature conclu- 
sions concerning the applicability of this procedure 
to human retinal disorders. Before consideration is 
given to the use of this procedure in patients, suc- 
cessful experiments in other animal models are 
needed to better determine safety and long-term 
effectiveness. In addition, the appropriateness of the 
procedure for degenerative retinal diseases more 
akin to those found in humans must yet be estab- 
lished. 

One may well inquire whether patients, research- 
ers, and clinicians would be better served if new 
research information were released initially as a 
scientific document in a peer-reviewed journal rath- 
er than in the lay press. This would provide col- 
leagues the opportunity of reviewing an entire manu- 
script and enable them to arrive at informed judg- 
ments as to the study’s merit and applicability. This 
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issue is reminiscent of a recent debate regarding the 
need for a press embargo on disseminating medical 


news prematurely.’ This debate was occasioned byt 


the New York Times releasing selected information 
on the role of aspirin in the prevention of myocardial 
infarction before publication of the complete study 
results in the New England Journal of Medicine. 

Clearly, the preliminary findings on RPE cell 
transplantation in the RCS rat are worthy of scien- 
tific pursuit and extension to other species and other 
disease models. What should also be clear is that 
premature public speculation on the applicability of 
this “treatment” to human retinal disorders is likely 
to engender potentially false hopes and expectations 
in patients afflicted with blinding and currently 
untreatable diseases. 

It would be preferable if future progress on RPE 
cell transplantation were accompanied not only by a 
sense of hope or optimism but also by responsible 
restraint in communicating scientific information 
through the lay press. Exuberance for new discov- 
eries should neither undermine the credibility of 
scientific advance nor obscure investigators’ social 
responsibilities. 

GERALD A. FISHMAN, MD 
Chicago 
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Editorial 


Special Article 


The Resource-Based Relative Value Scale for 


Physician Compensation Under Medicare 


Implicatiens for Ophthalmology 


e long-awaited report by Hsiao and colleagues!“ 
was recently released and has been published in 
national medical journals. It details the conclusions 
of a governmentally appointed commission to study a 
resource-based, relative value scale for Medicare 
reimbursement of physician services. If adopted, the 
commission s recommendations would have impor- 
tant implications regarding the compensation of 
physicians in general and ophthalmologists in par- 
ticular. Indeed, in the original release, it was indi- 
cated that ophthalmology might witness a 40% 
decline in Medicare revenues.* At the time of this 
writing, data were not available to determine the 
basis for this projection. However, limited informa- 
tion has been published and may be examined.” 
Because even the anticipation of the release of the 
study had mduced substantial concern and contro- 
versy, its genesis, methodology, and possible impact 
on ophthalmology bear discussion. 


GENESIS OF THE STUDY 


Under 2 mandate from Congress, the Physician 
Payment Review Commission, an advisory body to 
the Health Care Financing Administration, con- 
traeted with William C. Hsiao, PhD, and other 
members of the Department of Health Policy and 
Management of the Harvard University School of 
Public Health, Cambridge, Mass, to develop a scale 
for reimbursement of physician services based on 
resource input. The American Medical Association 
served as subcontractor. 

The study was prompted by concerns about the 


` continued snd excessive escalation of health care 


costs during the past dozen years at a compound 
annual rate of 15% (or approximately twice the rate 
of growth in per capita gross national product). A 
cofactor in the initiation of the study related to the 
perceived mequitable distribution of fees and 


~ incomes among physicians, eg, excessive reimburse- 


ment for procedural services (surgery and invasive 
teSting) vs evaluation and management services. 
Such an mibalamce may influence clinical decision 
making, medical resource allocation, and the choice 
of specialties by medical trainees. 
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METHODOLOGY OF THE STUDY 


The study sought to gauge resource costs,’ includ- 
ing the following items: 

1. The time spent before, during, and after the 
provision of specific services. 

2. The intensity of mental and physical effort, as 
well as the judgment, technical skill, and stress 
during the time spent performing a service. 

3. Practice costs. 

4. Opportunity costs, representing the income 
foregone during training. 

Expert consultations were provided by technical 
consulting groups, consisting of up to five consul- 
tants for each of 18 major specialties of medicine. 
Representatives of government, consumers, busi- 
ness, unions, and insurers also were involved in the 
study process.’ 

To validate the general applicability of the results, 
the study sought to assess the relative value mea- 
surements across specialties as well as within spe- 
cialties. Such parity was attempted by pairing two 
linked services that were believed to represent simi- 
lar problems and inputs.’ A simulation model was 
established with the intent of providing a “revenue 
neutral” resource-based scale of relative values for 
physician services. Under such a premise, no net 
savings are sought, but only a redistribution of funds 
within the system. A dollar conversion factor was 
not provided, but was assumed to be $1 per unit for 
comparison with current Medicare reimbursement. 
This conversion factor might vary by locale, certain 
practice costs for particular specialties, and other 
variables that might be adjusted from time to 
time. 

The study specifically did not seek to gauge health 
outcomes, differences in quality of care, competence 
of physicians, or the value placed on a service by 
patients themselves. 


STUDY RESULTS 


The study developed the Resource-Based Relative 
Value Scale (RBRVS) for approximately 2000 ser- 
vices.' In terms of current Medicare reimbursements, 
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Service Description Work 


Ophthalmologic services: 
medical examination and 
evaluation with initiation of 
diagnostic and treatment 
program; comprehensive, 
new patient, = 1 visits 


CPT-4 Coding 











66985 Insertion of intraocular lens 597 
after cataract removal 
67107 Repair of retinal detachment, 1028 


scleral buckling, with or 
without implant 


Intraservice Work, Preservice and Postservice Work, RBRVS, Medicare Charges, and the Ratio of Medicare Charges to RBRVS* 


Intraservice 





67800 Excision of chalazion; single 48 79 128 92 0.72 















1986 Medicare 
Preservice and Medicare Mean 
Postservice Mean Charge/ 
Work Charge, $ RBRV Ratio 


















509 1116 1459 1.31 






801 1843 2165 ra tf 







*RBRVS indicates Resource-Based Relative Value Scale; CPT-4, Current Procedural Terminology-4. 


Hsiao et al found that evaluation and management 
services generally were undervalued by approximate- 
ly 60% to 70% while invasive procedures, including 
ophthalmic services, were excessively paid by some 
40% to 50%.* Resource-based relative values for a 
sample of ophthalmic services are listed in the Table.” 


STUDY CONCLUSIONS AND RECOMMENDATIONS 


Relative to resource input, Hsiao and associates" 
found that evaluation and management services are 
reimbursed by Medicare at a far lower value than 
invasive and imaging procedures, and at a somewhat 
lower value than laboratory services. Nationally, 
Medicare provides approximately 20% of average 
practice revenues; for some physicians, especially a 
number of ophthalmologists, this proportion might 
be considerably greater. Hsiao and colleagues’ con- 
cluded that basing reimbursement on resource input 
would alter practice patterns and recommended that 
any implementation of an RBRVS be phased in over 
a period of years. The proposed RBRVS would 
change the interrelationship of fees, possibly induc- 
ing physicians to shift their efforts from invasive to 
management functions, reducing the number of sur- 
gical and invasive procedures and, consequently, 
reducing hospital use. An overall reduction in health 
care costs might result without a global reduction in 
physician fees. The Harvard group also recognized 
the limitations of the RBRVS, since it is based on the 
relatively rigid Current Procedural Terminology-4 
(CPT-4) classification system, which cannot take 
into account the severity of patients’ conditions, the 
quality of care, or the social benefits and economic 
value of services.” 


IMPLICATIONS FOR OPHTHALMOLOGY 


What are the implications for ophthalmology? 

Some will object to the idea of imposing a fee 
schedule. The reality is that all third-party payers, 
including Medicare through its “maximum average 
allowable charge,” currently use fee schedules. These 
rates reflect a modification of usual, customary, and 
prevailing fees and have a historical bias whose 
current validity may be questionable. 


Second, there is concern regarding the implicit | 
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reduction in recommended surgical fees. From the 
published information, the magnitude of the pro- 
jected reduction is not quite clear. The reader is 
referred (Table) to the charge for “Insertion of 
intraocular lens subsequent to cataract removal” 
(CPT-4 code 66985). The ratio of the Medicare mean 
charge ($1459) to the RBRVS fee (1116 units) is 
indicated at 1.31, implying that the service is over- 
priced by 31%. If the Medicare charge were brought 
in line with the RBRVS fee, the actual reduction in 
payment would be approximately 23% (0.31/1.31). 

However, the RBRVS surgical fees specifically 
“reflect the resource costs only from the day of 
admission to the day of discharge. ... The RBRVs do 
not reflect [the preadmission office and postdis- 
charge visit].”? Therefore, the surgeon probably 
should be able to receive a preadmission examination 
fee of at least $40 and a fee of at least $25 for each of 
six postoperative visits. This would bring the fee up 
to approximately $1306, a reduction of $153 (approx- 
imately 10% ) from current Medicare reimbursement 
levels that presumably include preoperative and 
postoperative care. 

In exchange for this, the more common ophthalmic 
office services, such as medical examinations and 
evaluations (CPT-4 Code 92004), theoretically would 
see an increase in reimbursement from a current 
ratio of 0.42 to parity, or presumably from the 1986 
Medicare mean charge of $42 to $100. A word of 
caution: though a further downward readjustment in 
surgical fees for ophthalmology and other specialties 
is likely, it is improbable that service code 92004 
would be brought to parity in the foreseeable future. 
Indeed, if the above calculations are at least partially 
correct, to remain budget-neutral, any realignment 
in evaluation and management service fees will have 
to be gradual. i 

Still, the principle of enhancing the value of diag- 


nostic and management services is established and y 
will eventually result in higher reimbursement for | 


cognitive services, which are indeed the key to the 
initiation of procedural services. . s 


For the average ophthalmologist, whose office- ; 


based income exceeds that derived from surgical 
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services, it would appear that the RBRVS would not 
be detrimental in the long run. Yet, in their introduc- 
tory article.’ the RBRVS study group indicated a 
reduction in Medicare reimbursement for ophthal- 
mology in the range of 40%. We do not yet have all 
the relevant information as to the derivation of this 
estimate. Let us conjecture that 1 million cataract 
extractions were performed on Medicare beneficia- 
ries in 1986 and that they were reimbursed at $1116 
instead of $1459, for a savings of $343 million (a 
savings of 23.5% ). Even with reductions for glauco- 
ma procedures and other surgical services, it is 
difficult to approximate the anticipated reduction of 
40% ° This is especially true if the cognitive services 
are to be revalued upward. Further delineation of the 
actual assumptions for ophthalmology are needed. 


CONCLUSIONS 


The concept of the RBRVS is based on perceived 
equity and probably has greater merit than the 
current fee schedules that are based on historical 
and traditional patterns. It has the potential for 
modifying physicians’ diagnostic and therapeutic 
approaches, with eventual implications for career 
choices. The added valuation placed on management 
and counseling services could beneficially impact the 
patient-docter relationship, improve physician grati- 
fication, and conceivably reduce medical liability 
costs. 

At this mement, the RBRVS presents a model for 
discussion by all parties. It will require modification, 
adoption by the Physician Payment Review Commis- 
sion, acceptance by the HCFA, and eventual ratifica- 
tion by Cengress. It should be viewed as a dynamic 
and evolutionary instrument with which the medical 
profession, through its specialty societies such as the 
American Academy of Ophthalmology and other 
groups, can constructively and proactively influence 
its pessible future role and applicability. 


AN ALTERNATIVE CONSIDERATION 


Hsiao et al suggest that, although it is not its 
primary aim, the new fee scale may reduce overall 
health care eosts. In a companion article in the New 
England Journal of Medicine’ William L. Roper, 
MD, head of the HCFA, voices concern that the 
RBRVS does not deal with the problem of service 
intensity, and indeed it does not. Addressing this 
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particular question, I recently proposed that Medi- 
care base its reimbursement for medical services on 
the principle of being a volume purchaser in relation 
to each provider.’ 

Rather than setting individual fees, Medicare 
could adopt a format similar to the RBRVS and then 
limit reimbursement based on the volume of charges. 
It could graduate its payment of charges, eg, pay 
100% of acceptable charges up to $50000 annually, 
pay 90% to the next step, and decrease payment 
steeply thereafter, possibly reducing it to only 20% 
of billings above a set amount (perhaps $1 million). 
Indeed, current reimbursement scales do not take 
into account that once fixed costs are covered, mar- 
ginal revenue translates substantially into profit 
after smaller incremental costs are paid. 

Such a system would alleviate the spectacle of 
excessive and egregious incomes garnered by some 
physicians. By assuring a stable and more generous 
base of funding at lower levels, it could allow more 
physicians to offer services that might be withheld 
because of costs and concerns regarding return on 
investment. Most importantly, sueh a graded cap- 
ping could take government out of the micromanage- 
ment of medicine, with all its inherent costs and 
dysfunctions, yet provide a considerable degree of 
control over global expenditures. 

MARCEL FRENKEL, MD, MBA 
Chicago 


The author is the founder and editor of The Journal of Medical 
Practice Management. 
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Clinical Sciences 


Pneumatic Retinopexy 


Surgical Results 


Marc A. Lowe, MD; H. Richard McDonald, MD; Randy V. Campo, MD; 


David S. Boyer, MD; Howard Schatz, MD 


@ We reviewed 55 consecutive cases 
of rhegmatogenous retinal detachment 
treated with pneumatic retinopexy. Eyes 
with inferior retinal breaks from the 4- to 
8-o’clock positions or macular holes with 
retinal detachment were excluded. Forty- 
five eyes (82%) were reattached with one 
operation. Although ten operations failed, 
nine retinas were subsequently reat- 
tached surgically, a 98% overall reattach- 
ment rate. Thirty-three (92%) of 36 phakic 
eyes, eight (66%) of 12 pseudophakic 
eyes, and four (57%) of seven aphakic 
retinas were reattached with one opera- 
tion. In macula-off cases, phakic patients 
tended to have greater improvement in 
visual acuity. New breaks occurred in six 
eyes (11%), five (83%) of which were 
pseudophakic or aphakic. The safety, effi- 
cacy, and indications for pneumatic reti- 
nopexy remain to be established by a 


randomized, controlled, prospective 
study. 
(Arch Ophthalmol 1988;106:1672- 
1676) 


n 1986, Hilton and Grizzard,' as well 

as Dominguez-Boyd,’ described the 
use of intraocular gas injection and 
cryotherapy for the primary treat- 
ment of rhegmatogenous retinal 
detachment. Hilton and coworkers, in 
an expanded series, also reported 
encouraging results from the pneu- 
matic retinopexy technique. Though 
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several authors report complications 
from this technique, few series are 
available to examine the safety, effi- 
cacy, and indications for this proce- 
dure. We report our results from 
pneumatic retinopexy for rhegmato- 
genous retinal detachment. 


MATERIALS AND METHODS 


We reviewed cases of rhegmatogenous 
retinal detachment that had been treated 
with pneumatic retinopexy as a primary 
procedure and followed up for a minimum 
of six months. We excluded eyes with infe- 
rior retinal breaks from the 4- to 8-o’clock 
positions or macular holes with associated 
retinal detachment. 

We noted the preoperative visual acuity; 
lens status (phakic, pseudophakic, or 
aphakic); extent of retinal detachment; 
involvement of the macula; and the size, 
number, and location of the retinal breaks. 
A history of trauma, the presence of vitre- 
ous hemorrhage, lattice degeneration, cho- 
roidal detachment, or high myopia greater 
than 6 diopters (D) was recorded. Axial 
lengths were not obtained. 

Details of the operative procedure were 
reviewed, including the type and amount of 
gas used for intraocular injection, as well 
as any variation in technique of injection, 
positioning, or paracentesis. 

Each postoperative visit included a mea- 
sure of the visual acuity and anatomic 
status of the macula and peripheral retina. 
Complications of the procedures were 
noted, as were all subsequent surgical in- 
terventions for “failed” cases. 

All patients undergoing pneumatic reti- 
nopexy received 0.25% scopolamine hydro- 
bromide and 2.5% phenylephrine hydro- 
chloride (Neosynephrine) for dilation and 
retrobulbar anesthesia, consisting of 2% 
lidocaine (Xylocaine) without epinephrine. 
Cryotherapy to retinal breaks was 
peformed before injection, except in four 
cases in which large superior breaks were 
present with detachments extending to the 


fovea. In these cases, the intraocular injec- 
tion was performed first, followed by prone 
positioning and flattening of the posterior 
retina. The head was then sequentially 
elevated to the vertical position over a 
period of about 30 minutes, allowing flat- 
tening of the superior retina. Cryotherapy 
was then applied to the retinal breaks. 
Eyes were prepared with 10% povidone- 
iodine (Betadine) solution swabs and irri- 
gated with neomycin sulfate-polymyxin B 
sulfate-bacitracin zinc (Neosporin) oph- 
thalmic solution. 

Using a 30-gauge needle, 0.3 to 0.5 mL of 
100% perfluoropropane was injected 
through the temporal pars plana, 3.0 to 3.5 
mm posterior to the surgical limbus. Most 
patients received 0.3 mL, though several 
received 0.5 mL. 

Before injection, the patient’s head was 
tilted 45° nasally to ensure that the needle 
was perpendicular to the floor. To form one 
bubble, the injection was performed with a 
rapid push on the needle with its tip in the 
anterior vitreous. The needle was removed 
while pressure with a cotton-tipped swab 
was applied to the sclera over the site of 
injection. Indirect ophthalmoscopy was 
used to evaluate the number and mobility 
of the intraocular gas bubble. If multiple 
bubbles were present, a flexible cotton- 
tipped swab was used to snap the sclera 
over the site of the gas, creating one large 
bubble. This technique was adopted after 
an early case in which multiple bubbles * 
resulted in subretinal gas. It was used in 
several eyes and was almost always effec- 
tive in creating one or two large bubbles 
from multiple, smaller bubbles. This proce- 
dure has traumatic potential, tncluding 
lens dislocation, hemorrhage, and _ iris 
damage. These potential complications 
were not seen in the patients on whom the 
cotton-tipped swab snap was performed. 
The gas bubble was then‘ positioneé to 
tamponade the break. Anterior chamber 
paracentesis was ustd jn all phakic cases 
after additional instillation of 10% povi- 
done-iodine solution and’ Neosporin oph- 
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Table 1 —Eyes in Which Pneumatic Retinopexy Failed (Ten Eyes [18%])” 


Final Final 
Cause of Anatomic Visual 
Eye Recetachment Subsequent Surgery Status Acuity 
1 Subretinal gas Vitrectomy, scleral buckle Attached 20/200 
2 New break Scleral buckle Attached 20/200 
3 New break Scleral buckle Attached 20/400 
4 New break Repeated pneumatic retinopexy Attached 20/20 
New break Repeated pneumatic retinopexy Attached 20/30 


6 New break Scleral buckle Attached 20/70 


& PVR Vitrectomy, scleral buckle Attached 20/60 
Vitrectomy, scleral buckle 
Scleral buckle (X2) 


Attached 20/60 


Detacned, refused HM 
further surgery 


* PVR indicacesaproliferative vitreoretinopathy; HM, hand motions. 
EP 
HM 
GF 


3/200 
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& 
5/200 


7/200 


20 / 400 


Preoperative Visual Acuity 





20/9 20/39 20/50 20/70 20/100 20/400 3/200 8/200 3/209 CF HM LP 


Postoperative Visual Acuity 


Scattergram shøwing preoperative and postoperative visual results fallowing pneumatic retino- 
pexy (55 eyes). Triangles indicate phakic eyes; squares, pseudophakic eyes; circles, aphakic 
eyes; CF, counting fingers; HM, hand motions; and LP, light perceptian. 


thalmie solution. A 28-gauge insulin 
syringe needle, with plunger removed, was 
inserted througirthe temporal corneal lim- 
bus in phakic eyes. In aphakic eyes or 
anterior chamber pseudophakic eyes with 
vitreous in the anterior chamber, paracen- 
tesis was performed through the pars pla- 
na using a 30-gawge needle, with the needle 
directed into the anterior chamber. This 
technique was used after anterior chamber 
"paracentesis resulted im vitreous incarcer- 
ation into tHe wound site in an earlier 
aphakic cae. Postoperative intraocular 
pressure was then measured by pneumo- 
tonemetry. A patch was applied and 
removed after*eight to 12 hours. The 
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patient’s head was positioned with the 
retinal break uppermost. Patients were 
told to maintain this position eight of 
every 12 waking hours until the first post- 
operative visit, but they were otherwise 
not restricted. Patients were reminded not 
to travel by airplane, travel to areas of 
high elevation, or sleep on their backs 
while the gas bubble was in their eye. 
Therapy included 500 mg of oral acetazo- 
lamide (Diamox) twice a day until their 
first postoperative visit, usually within the 
first 24 to 48 hours, and four to eight drops 
a day of Neosporin ophthalmic solution for 
the first week. 

Standard statistical methods were used 


and are cited. Changes in visual acuity 
were evaluated with a nonparametric test. 
P values are nominal, ie, not adjusted for 
multiple comparisons. 


RESULTS 


We reviewed 55 consecutive cases of 
selected rhegmatogenous retinal de- 
tachment treated with pneumatic ret- 
inopexy. Eyes with inferior retinal 
breaks, from the 4- to 8-o’clock posi- 
tions, or macular holes with retinal 
detachment had been excluded. These 
eyes were followed up from six to 22 
months, with a mean follow-up of 12 
months. There were 35 male patients 
and 20 female patients; they ranged in 
age from 22 to 83 years. 

Thirty-six eyes were phakic, 12 
were pseudophakic, and seven were 
aphakic. Of those pseudophakic eyes, 
five had anterior chamber lenses and 
seven had posterior chamber lenses. 
Each eye had one to five breaks lo- 
cated between the 9- and 4-o’clock 
positions. Three (15%) of the 20 eyes 
with multiple breaks did not respond 
to the initial pneumatic retinopexy. 
Two of these eyes were pseudophakic 
and one was phakic. In seven (20% ) of 
35 eyes with single breaks, pneumatic 
retinopexy failed; multiple breaks 
were not associated with a higher 
failure rate. The extent of the retinal 
detachment, the size of the breaks 
(one quarter to two clock hours), and 
the number of breaks did not indicate 
a poor prognosis. Twenty-four pa- 
tients had macula-on retinal detach- 
ments. In two of the six patients with 
vitreous hemorrhage, both with pseu- 
dophakic eyes, the initial pneumatic 
retinopexy procedure failed. Five eyes 
had retinal breaks in areas of lattice 
degeneration, but none of the opera- 
tions in these eyes failed. Surgery in 
two of three eyes, one aphakic and one 
pseudophakic, both with significant 
choroidal detachment, failed. All 
three high myopes (>6.00 D) were 
phakic and surgery in one failed. One 
eye underwent a traumatic retinal 
dialysis, but it remained attached 
with one pneumatic retinopexy proce- 
dure. 

Of the 55 eyes undergoing treat- 
ment, 45 (82%) were reattached with 
one operation. Of the ten operations 
that failed, nine eyes were eventually 
reattached with subsequent surgical 
procedures. One patient refused fur- 
ther surgery after two scleral buck- 
ling procedures failed to reattach the 
retina. Table 1 shows the cause of 
redetachment, subsequent surgery, 
anatomic results, and final visual acu- 
ity of these eyes in which initial pneu- 
matic retinopexy failed. Of these 55 
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No. (%) 
of Eyes 
6 (10.9) 
6 (10.9) 


Complication 


Epiretinal membranes 
New breaks 
Proliferative 
vitreoretinopathy 
Subretinal gas 
Vitreous to 
paracentesis tract 








3 (5.4) 
1 (1.8) 







1 (1.8) 





eyes, 98% were eventually reattached 
with one or more procedures. 

All but three patients were exam- 
ined from four hours to two days 
postoperatively. These three were 
either seen by their referring ophthal- 
mologist or they missed their sched- 
uled postoperative visit but were seen 
four to nine days after their surgical 
procedure. Fifty-one eyes (93%) had 
macular attachment at the first post- 
operative visit. One eye had subretinal 
gas that bullously detached the retina, 
but reoperation was performed imme- 
diately. Eleven eyes had flat maculas 
at the first postoperative visit but had 
residual extramacular subretinal flu- 
id. In successfully treated eyes, this 
extramacular subretinal fluid was 
present from several days to many 
months before spontaneous resorp- 
tion. 

According to lens status, anatomic 
results showed that 33 (92%) of 36 
phakic eyes were reattached with one 
operation; eight (66%) of 12 pseudo- 
phakic and four (57% ) of seven aphak- 
ic eyes were reattached after one 
pneumatic retinopexy procedure. The 
difference in reattachment rates 
between the phakic eyes and the 
aphakic/pseudophakic eyes was sta- 
tistically significant (P = .023, Fi- 
scher’s exact test). Of the four pseudo- 
phakic eyes in which surgery failed, 
two had anterior chamber lenses and 
two had posterior chamber lenses. 

All but three eyes had improved 
vision. Two of these three eyes devel- 
oped proliferative vitreoretinopathy 
and were surgically reattached. The 
third developed a macular pucker sec- 
ondary to epiretinal membrane for- 
mation, but the patient declined 
vitrectomy and membrane removal. 
In the macula-off detachment group 
(31 eyes), final visual acuity of 20/20 
to 20/50 was achieved in 17 eyes (55% ) 
and 20/60 to 20/200 in seven eyes 
(23%); these seven eyes had final 
visual acuity of 20/200 or worse (Fig 
1). Improvements in visual acuity 
depend on macula involvement. In the 
macula-off cases, phakic patients 
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Time After 

Eye Lens Status Procedure, wk Location 
1 Pseudophakic 7 Inferior 
2 Aphakic Superior 
3 Pseudophakic 5 Superonasal 
4 Pseudophakic 8 Inferior 
5 Aphakic 3 Presumed * 
6 Phakic 1 Presumedt 


* Break not found, retina detached in all quadrants. 


tBreak not found, inferior quadrant retinal detachment. 


tended to have greater improvement 
in visual acuity (.05 > P > .025, Krus- 
kal-Wallis test). In the macula-on 
cases, there were too few patients 
with pseudophakic and aphakic eyes 
to permit such comparison. 

Complications associated with the 
procedure are shown in Table 2. Epi- 
retinal membranes occurred in six 
eyes (10.9%). New retinal breaks 
occurred in six eyes (10.9%). Five 
(83% ) of the new breaks occurred in 
pseudophakic or aphakic eyes (Table 
3). New retinal breaks occurred from 
one day to nine weeks postoperative- 
ly. 

Three eyes (5.4%) developed prolif- 
erative vitreoretinopathy. Two of 
these eyes were reattached with 
vitrectomy, membrane removal, scler- 
al buckling, internal subretinal fluid 
drainage with total air-fluid ex- 
change, and endolaser photocoagula- 
tion. In one of these eyes, silicone oil 
was used as a vitreous substitute. In 
the other, perfluoropropane gas tam- 
ponade was used to successfully reat- 
tach the retina. The third eye devel- 
oped a localized circumferential trac- 
tion retinal detachment along the 
inferior 180° at the equator, with 
visual acuity returning to 20/30. 

One eye appeared to have a subcilia- 
ry epithelial gas bubble, which was 
removed by aspiration, followed by 
reinjection of gas into the vitreous 
compartment. Two eyes had immobile 
loculated gas bubbles presumed to be 
anterior to the anterior vitreous hya- 
loid. This gas could be seen to dissect 
between the lens capsule and vitreous, 
but not posteriorly with prone posi- 
tioning. Both patients were placed in 
the prone position overnight and séen 
again within 24 hours. In both cases, 
the gas bubble had passed into the 
posterior vitreous compartment and 
effectively tamponaded the retinal 
break. No new breaks formed in either 
eye. 

One aphakic eye had vitreous to the 
wound as a result of paracentesis and 
remained attached postoperatively. 
No cases of endophthalmitis occurred. 


At the time of the first postoperative 
visit, no patient had abnormally ele- 
vated intraocular pressure, as mea- 
sured by pneumotonometry. Diamox 
therapy was discontinued at the time 
of the first postoperative visit, and in 
no cases were there subsequent signif- 
icant problems with intraocular pres- 
sure. Patients with a history of glau- 
coma had their medication continued. 
Increased nuclear sclerosis was not 
noted in any patient postoperatively. 


COMMENT 


In 1986, Hilton and Grizzard,! 
reported 20 cases of selected rhegma- 
togenous retinal detachment treated 
with pneumatic retinopexy. In this 
initial series, 18 (90%) of the eyes 
were reattached by a single procedure; 
the other two eyes required further 
surgery. Dominguez-Boyd? treated 31 
consecutive patients with his tech- 
nique of gas injection and reported a 
94% final anatomical success rate. In 
a collaborative study of 100 cases, 
Hilton and coworkers’ demonstrated a 
reattachment rate of 84% following a 
single procedure, with subsequent 
surgical attention resulting in a final 
reattachment rate of 98%. In the 
present study, we obtained similar 
anatomical results, reattaching 82% 
of all eyes with one procedure. Of the 
ten eyes in which surgery initially 
failed, nine were eventually reat- 
tached with subsequent scleral buck- 
ling, vitrectomy, or both, resulting in 
a final reattachment rate of 98%. 
Although 92% of phakic eyes were 
reattached with one pneumatic reti- e 
nopexy procedure, only 66% of pseu- 
dophakic and 57% of aphakic eyes 
were reattached with one surgery. 
Previous studies have not discussed 
anatomical results according ‘to lens 
status. i 

Of our ten eyes in which surgery 
failed (Table 1), six (10.9%) were 7 
caused by new retinal-tears. Fjve . 
(83% ) of these breaks occurred in the 
pseudophakic or aphakic group. Polin- 
er and coworkers* reported two cases 
of new inferior retinal tears and 
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detachment within 48 hours of pneu- 
matic retinopexy. They believed that 
these new tears were caused by vitre- 
ous traction associated with the supe- 
riorly positioned intraocular gas bub- 
ble. One of these eyes was phakic, and 
the new infer-or tear was large. In the 
other pseudoshakiec eye, the new tear 
was presumsbly a small “aphakic” 
break. When the patients’ positions 
were changee so that the intraocular 
gas bubbles shifted, they were able to 
observe decreased vitreous traction on 
the inferior retinal tears. Dreyer‘ has 
reported new retinal tears inferiorly 
within 48 hours after intraocular gas 
injection im a pseudophakic eye 
undergoing < sclera! buckling proce- 
dure. These tears were 180° away 
from the siteof the intraocular gas. It 
is difficult to know whether a postop- 
erative retinal tear is truly new or 
simply a “mssed break” not seen on 
preoperative or intraoperative evalua- 
tion. 

In our series, however, all but one of 
the new breéks oecurred weeks after 
the initial precedure, making the pos- 
sibility of tne new break being a 
missed break less likely. One of these 
breaks was a presumed to be an infe- 
rior break that led te a redetachment; 
it was not ‘ound before or during 
subsequent scleral buckling. This pre- 
sumed, or possibly missed, retinal 
break occurred one day postoperative- 
ly and may have resulted from a 
mechanism similar to that proposed 
by Poliner et al.* However, in five of 
six eyes, newretinal breaks developed 
from three »0 nine weeks following 
surgery, at a time when little or no 
gas remained in the eye. The new 
tears occurred in both the superior 
and inferior halves of the eye. New 
break formation may occur soon after 
gas injectioms as a direct result of 
transmitted vitreeus traction 180° 
away from fhe gas bubble. Alterna- 
tively, these new tears may represent 
missed breaks that have been masked 
by the initial tamponade of the gas 
bubble. Another consideration in our 
aphakic and pseudophakic eyes is that 
paracentesis was done through the 
pars plana and may have caused some 
vitreous imearceration with subse- 
quent retina traction. 

Why migh’ the pseudophakic eye be 
more susceptible to new break forma- 
tion than the phakic eye? Hilding‘ 
examined the rotatienal force exerted 


-on the vitreaus in eyes with posterior 


vitreous detachment by the crystal- 
line lens. He believed that the large 
posterior corvexity of the lens, abut- 
ting into the “ormed anterior vitreous, 
helped overegme static inertia and 
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helped initiate movement of the vitre- 
ous during ocular saccades. In the 
aphakic or pseudophakic eye, there is 
no such force to assist in the genera- 
tion of vitreous movement. The task of 
initiating rotational movement in 
these eyes falls on the vitreous-base 
insertion, where tension generated by 
ocular saccades tugs on the lagging 
vitreous gel. This tug may be the 
primary reason aphakic or pseudo- 
phakic breaks occur at the posterior 
insertion of the vitreous base. It is 
reasonable to suppose that any addi- 
tional stress on the vitreous base, 
including the injection of an intraocu- 
lar gas bubble, would place the unsup- 
ported posterior vitreous base inser- 
tion at increased risk for retinal- 
break formation. Indeed, in our series, 
in the five new aphakic and pseudo- 
phakic breaks noticed after pneumatic 
retinopexy, four were at the posterior 
insertion of the vitreous base. Two 
presumed new breaks occurred, one in 
an aphakic eye and one in a phakic 
eye. Despite the additional “protec- 
tion” against vitreous traction pro- 
vided by the crystalline lens in the 
phakic eye during ocular saccades, 
break formation still occurred. As 
Poliner and coworkers’ have shown, 
however, phakic eyes may develop 
new breaks following gas injection. 

Aphakic and pseudophakic eyes 
tended to have a lower rate of success- 
ful reattachment than phakic eyes, 
primarily because of the formation of 
new (or manifestation of missed) reti- 
nal breaks. It is possible that the 
presence of an encircling scleral buck- 
le might reduce the tractional force 
generated by the vitreous at the poste- 
rior insertion of the vitreous base 
during ocular saccades, thus lowering 
the incidence of new retinal-break 
formation. Small new breaks mounted 
on an encircling scleral buckle might 
not have led to redetachment. 

Of the ten eyes in which pneumatic 
retinopexy failed, all but one were 
initially reattached. The one eye that 
remained detached following intra- 
ocular gas injection was complicated 
by subretinal gas. Multiple gas bub- 
bles occurred after the gas injection, 
and three of these bubbles moved into 
the subretinal space. At the first post- 
operative visit, the gas bubbles bul- 
lously detached the retina up toward 
the lens, giving off a glistening, 
refractile sheen. This patient required 
vitrectomy, air-fluid exchange, scleral 
buckling, and endolaser photocoagula- 
tion to remove the subretinal gas. 
McDonald and coworkers’ have pre- 
sented a series of cases of subretinal 
gas complicating pneumatic retino- 


pexy and have outlined alternative 
management for this serious compli- 
cation. They stress the importance of 
obtaining a single intraocular gas 
bubble following injection and prior 
to positioning. 

Yeo and coworkers® noted that 
intraocular gas injection in macula-on 
retinal detachments may cause poste- 
rior displacement of subretinal fluid 
and detachment of the macula. We 
used a modified “steamroller” tech- 
nique? to avoid this complication in 
four eyes where the detachment 
extended close to the macula. After 
injecting the gas bubble, the patient 
was placed in a prone position and 
asked to sequentially elevate his or 
her head (over a 30-minute period) 
until the patient was looking straight 
ahead. The subretinal fluid was thus 
displaced into the vitreous cavity and 
the retina flattened. At this point, 
cryotherapy was performed under 
gas. We must stress that excessive 
cryotherapy should not be performed 
in retinal tears in highly elevated 
bullous detachments before applying 
this steamroller technique, as the 
released retinal pigment epithelial 
cells may gain access to the vitreous 
cavity and possibly increase the 
chance for the development of prolif- 
erative vitreoretinopathy or epireti- 
nal membrane formation. In our four 
patients undergoing this technique, 
no complications were observed and 
all maintained visual acuity of better 
than 20/40. 

Of the 55 eyes treated, 51 (93% ) had 
macular reattachment on the first 
postoperative visit, one to nine days 
following injection. In all but one case, 
the macula was reattached within two 
weeks. Extramacular subretinal fluid 
persisted in 11 eyes before spontane- 
ous resolution. In one eye, a localized 
extramacular detachment is still 
present at this writing. 

Postoperative visual acuity of bet- 
ter than 20/50 was recovered in 17 
eyes (55% ) with preoperative macula- 
off detachments. These visual results 
are similar to those reported for reti- 
nal detachment treated with pneu- 
matic retinopexy™* and scleral buck- 
ling.”'! Caution must be used when 
comparing results between different 
studies, since there is no match of 
critical preoperative variables. 

Epiretinal membrane formation 
following scleral buckling procedures 
has been well described. This forma- 
tion occurred in 3% to 26% of cases 
after only one operation.’’*" Most 
cases of epiretinal membrane forma- 
tion following scleral buckling proce- 
dures are attributed to retinal pig- 
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ment epithelial cell migration and 
proliferation. Lincoff et al'* have sug- 
gested that epiretinal membrane for- 
mation may also be stimulated by 
intraocular gas. Uncomplicated vi- 
trectomy with epiretinal membrane 
formation was subsequently per- 
formed in five of the eyes in our 
series. 

In two of the three eyes with preop- 
erative choroidal detachments, sur- 
gery failed, requiring subsequent 
scleral buckling procedures, vitrecto- 
my procedures, or both. The poor 
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prognosis of eyes with choroidal 
detachment with rhegmatogenous 
retinal detachment preceding scleral 
buckling procedures is well de- 
scribed. Both eyes with choroidal 
detachment were pseudophakic, a 
finding that would be expected to low- 
er the overall success rate for this 
group. 

Based on our results, we believe 
that this technique should be used 
with caution in pseudophakic and 
aphakic eyes, though care must be 
taken when drawing conclusions from 
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retrospective studies with relatively 
small numbers of patients. The safety, 
efficacy, and precise indications for 
pneumatic retinopexy as a primary 
procedure for selected cases of rheg- 
matogenous retinal detachment re- 
mained undetermined, and we await 
the results of a prospective, con- 
trolled, randomized study. 
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cal Center, San Francisco. 


model for visual recovery following retinal 
detachment surgery. Ophthalmology 1978;85:619- 
625. 

12. Lobes LA, Burton TC: The incidence of 
macular pucker after detachment surgery. Am J 
Ophthalmol 1978;85:72-77. 

13. Gundry MF, Davies WG: Recovery of 
visual acuity after retinal detachment surgery. 
Am J Ophthalmol 1974;77:310-314. 

14. Lincoff H, Horowitz J, Kreissig I, et al: 
Morphological effects of gas compression on the 
cortical vitreous. Arch Ophthalmol 1986;104:1212- 
1215. 

15. Seelenfreund MH, Kraushar MF, Schepens 
CL, et al: Choroidal detachment associated with 
primary retinal detachment. Arch Ophthalmol 
1974;91:254-258. 


J. Hampton Atkinson, Jr, MD; Igor Grant, MD; Caroline J. Kennedy, MD; Douglas D. 
Richman, MD; Stephen A. Spector, MD; J. Allen McCutchan, MD (Arch Gen Psychiatry 


1988;45:859-864) 


The Effects of Neuroleptics and Tardive Dyskinesia on Smooth-Pursuit Eye Movement 
in Chronic Schizophrenics 
Herbert E. Spohn, PhD; Lolafaye Coyne, PhD; Judy Spray (Arch Gen Psychiatry 
1988;45:833-840) 


1676 


Arch Ophthalmol— Vol 106, Dec 1988 





Pneumatic Retinopexy—Lowe et al 


me Th ws. +—grs =e = == Fee ae ee ee ea eS aA 
| : a. 


4 


x 


4 


Pad aaa See: Te.” 5, eee. 4... A 


a on eo N S R 
a il x Ef ka -= AR š D a 


Endothelial Morphologic Features and Function After 
Long-term Extended Wear of Contact Lenses 


Keith H. Carlson, MD, William M. Bourne, MD 


@ We performed anterior segment fluo- 
rophotometry and endothelial cell photog- 
raphy on 17 subjects who had used 
extended-wear contact lenses for at least 
two years. The lenses had been removed 
for cleaning at intervals of one to four 
weeks. Forty subjects of similar age who 
did not wear contact lenses served as a 
control group. The coefficient of variation 
of cell size was increased in the contact 
lens group compared with the control 
group; no significant difference in mean 
encothelial cell size was found. The per- 
centage of seven-sided cells making up 
the endothelial cell mosaic was increased 
in the contact lens group compared with 
the control group (15% vs 12%, respec- 
tively). No difference in corneal clarity, 
central corneal thickness, endothelial 
permeability to fluorescein, or rate of flow 
of aqueous:+humor was found between the 
groups. There was a significant correla- 
tion between duration of lens wear and 
mean endothelial cell size. Extended- 
wear contact ens usage induces morpho- 
logical changes in the corneal endotheli- 
um: these changes may progress as the 
duration of tens wear increases. We 
detected no functional impairment, how- 
ever. 

(Arch 
1679) 


Ophthalmol 1988;106:1677- 


Br emer stigators have shown 
morphological changes in the cor- 
neal endothelial cells of long-term 
contact lens wearers.''! These changes 
are seen with many types of contact 
lenses: hard, soft, gas-permeable 
hard, and extended-wear soft lenses. 
Chronic epithelial hypoxia is believed 
to be responsible. In various studies of 
individuals with recognizable changes 
in endothelial morphological features, 
however, either no change or only a 
slight alteration in endothelial func- 
tion was observed.” We had recently 


‘evaluated 49 daily-wear, long-term 
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contact lens wearers. Despite record- 
ing statistically significant changes in 
endothelial morphological features, 
no changes in central corneal thick- 
ness or endothelial permeability to 
fluorescein were observed.) In the 
present study, we attempted to evalu- 
ate endothelial function in eyes that 
wore extended-wear contact lenses by 
recording central corneal thickness 
and endothelial permeability to fluo- 
rescein. Endothelial cell morphologi- 
cal features were also examined. 


SUBJECTS AND METHODS 


Eleven long-term (at least two years) 
extended-wear contact lens wearers, aged 
18 to 42 years (mean + SD, 27 + 8 years), 
were recruited by advertisement from the 
Rochester, Minn, community. Forty sub- 
jects who had never worn contact lenses 
served as the control group. The age range 
of controls was 11 to 48 years (mean + SD, 
29 + 11 years). Based on previous mea- 
surements in normal subjects, we esti- 
mated that at least ten contact lens wear- 
ers should be measured to detect a 16% 








Subject No./ 

Age, y/Sex Brand* 
1/18/F Hydrocurve Il 
2/19/F Permalens 
3/20/M Hydrocurve Il 

4§/24/F Wesley-Jessen 

D3X4 


Table 1.—Characteristics of Contact Lens Wearers 


Years 
Worn 


PION 


A 


difference in endothelial permeability to 
fluorescein from thst in 40 control subjects 
(two-sided, a = .05, 8 = .10). All subjects 
had no history of significant eye disease 
and normal ophthalmic examination 
results. Written informed consent was 
obtained from all individuals. 

The study consisted of two parts: endo- 
thelial cell photography and anterior seg- 
ment fluorophotometry. A contact specu- 
lar microscope was used to photograph the 
endothelial cell mosaic and to record the 
central corneal thickness one hour after 
contact lens removal in ten of the subjects. 
The 11th subject underwent endothelial 
photography immediately after fluoropho- 
tometry, having removed the contact 
lenses at least 36 hours previously. One 
hundred endothelial cells in each eye were 
traced from magnified projections of the 
photographic negatives. Mean endothelial 
cell size, coefficient of variation of cell size, 
and polygonality were determined from 
the tracings, as described previously.” 
Central corneal thiekness was recorded as 
measured with the specular microscope.” 

On a separate day, at least 24 hours after 
lens removal, we performed anterior seg- 
ment fluorophotometry at 8 AM after topi- 


Weeks of Dk/Lt 
Continuous —_——_————_. 
weart oD os 
22.7 22.7 
2 18.3 | 17.5 
2 22.7 22.7 
1 32.2 


w 


11/42/F Wesley-Jessen 32.2 32.2 
D3X4 










O;Lh|OlO/ HIN 
RINM|S)—H | NM] M 


*Hydrocurve II (Barnes Hind Inc, Sunnyvale, Calif); Permalens (Cooper Vision Inc, Irvine, Calif); Wesley- 

Jessen D3X4 (Wesley-Jessen, Chicago); Hydron .04 (American Hydron, Woodbury, NY). 

tNumber of weeks of around-the-clock wear prior to removal for enzymatic cleaning anc sterilization. Time 
interval before reinsertion varied from minutes to 48 hours. 

+Oxygen transmissibility (Dk/L): value X 1079 cm mL Oo/s mL mm Hg. 

§Only one eye was evaluated in three subjects: subject 4, unilateral lens wearer; subject 5, localized corneal 
opacity in the right eye; and subject 8, history of iritis in the left eye. 

||Subject 7 used Hydron .04 lenses for two years before switching to Permaleas. 
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Mean Endothelial Cell Size, um? 


2 3 4 


5 6 7 


Extended Wear, y 
Mean endothelial cell size vs number of years of extended wear of contact lenses (p = .61, 


P< .05). 


Table 2.—Summary Data: Extended-Wear Contact Lens Wearers vs Controls * 


Contact 


Lens Wearers 
(n = 11) 
4.03 + 0.84 


Variable 
Endothelial permeability to 


Controls 
(n = 40) 


3.85 + .55 


Wilcoxon 





fluorescein, X 1074 cm/min 


Central corneal thickness, mm 0.56 + 0.04 .54 + .02 .40 
Aqueous humor flow, uL/min 2.54 + 0.40 2.65 + 52 .66 
.66 


Endothelial cell size, am? 
Coefficient of variation of cell size 


Relative frequency of cell sides, % 
5 sides 


6 sides 
7 sides 15 
8 sides 1 


Polarization of fluorescence 
(cornea) 


Polarization of fluorescence 


323 + 35 
0.32 + 0.06 


14+5 


329 + 38 
0.25 + .04 .003 


.36 
.54 


+ | | + | + 
=|ol~wia 


0.03 + 0.03 





(anterior chamber) 
Fluorescein concentration, ng/mL 
Age, y 


*Values are mean + SD. 


cal fluorescein application at 2 AM. The 
procedure is detailed in a previous publica- 
tion.'' The concentration of fluorescein 
within the corneal stroma and anterior 
chamber was recorded three times at four- 
hour intervals beginning at 8 AM. Endothe- 
lial permeability to fluorescein and the 
flow of aqueous humor were calculated 
from the change in stromal and anterior 
chamber fluorescein concentrations with 
time. Polarization of fluorescence in corne- 
al stroma and anterior chamber was mea- 
sured, as described by Herman et al.” 
The major characteristics of each con- 
tact lens wearer are described in Table 1. 
We recorded the following information for 
each subject: age and sex of subject, brand 
of lens, number of years worn, and oxygen 
transmissibility of the lens. Several sub- 
jects were fitted with lenses by local 
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505 + 296 
27,8 


(n = 39) 
646 + 402 
29 + 11 





optometrists. The optometrists were con- 
tacted and the subjects’ contact lens types 
recorded. The subjects provided the num- 
ber of years of extended wear and the 
number of weeks between lens removal. 
The lens manufacturers provided the oxy- 
gen transmissibility data. 

We recorded the following values for 
both eyes of each subject except for three 
subjects (Table 1) who wore lenses on only 
one eye: (1) endothelial permeability to 
fluorescein, (2) central corneal thickness, 
(3) rate of flow of aqueous humor, (4) mean 
endothelial cell size, (5) coefficient of vari- 
ation of cell size, (6) relative frequency of 
cell shapes, (7) polarization of fluorescence 
in the cornea, and (8) polarization of fluo- 
rescence in the anterior chamber. We used 
a Wilcoxon rank sum test to compare the 
data of the contact lens wearers with those 


420 
400 
380 
360 
340 
320 
300 
280 


of the control group. In addition, we looked 
for correlations between each of the eight 
variables and oxygen transmissibility and 
duration of lens wear. Correlations were 
tested with a Spearman coefficient of cor- 
relation. A P value of .05 was considered 
statistically significant. 


RESULTS 


Table 2 summarizes the data of the 
extended-wear contact lens group and 
the control group. The data listed are 
mean values from both eyes. The data 
from right and left eyes were analyzed 
separately, and the results were simi- 
lar. Endothelial permeability to topi- 
cally applied fluorescein was not sta- 
tistically different between the two 
groups. We found average values of 
4.03 + 0.84 X 10-* cm/min for the con- 
tact lens group and 3.85 + 0.55 
X 10-* cm/min for the control group 
(P = .21). In a study such as this, a 
statistically significant difference 
(P < .05, two-sided) would be found 
90% of the time (90% power) if the 
true difference in permeability were 
at least 0.68 X10-* cm/min (18%) 
and the population from which the 
samples were drawn were distrib- 
uted normally. In other words, we can 
be 90% confident that extended-wear 
contact lens wearers, as a group, dif- 
fer by less than 18% in endothelial 
permeability from non-contact lens 
wearers. 

There was no significant difference 
between the groups with respect to 
age, rate of flow of aqueous humor, or 
central corneal thickness. Morpholog- 
ical analysis of endothelial cells 
showed no difference in the mean 
endothelial cell size of the two groups, 
but the coefficient of variation of cell 
size was increased as was the percent- 
age of seven-sided cells in extended- 
wear contact lens wearers compared 
with controls. 

Polarization of fluorescence, an 
indication of protein binding, was 
measured in ten of the 11 extended- 
wear contact lens wearers (Table 2). 
No significant difference was found 
between the contact lens and control 
groups with respect to cornea and 
anterior chamber polarization of fluo- 
rescence. The initial concentration of 
fluorescein in the corneal stroma was 
not statistically different between the 
two groups. 

The oxygen transmissibility (Dk/L) 
and the number of years worh were 
compared with each of the eight vari- 
ables listed above. No significant cor- 
relations between oxygen transmisgsi- 
bility and any of the variables were 
found. The number of years of ex- 
tended-wear contact lens wear was 
positively correlated with only one 
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a 


variable, meaa endothelial cell size. 
The Figure shows an increase in mean 


cell size in those subjects with longer 


wearing times (p = .61. P < .05). 
COMMENT 


Endothelial permeability to fluo- 
rescein in extended-wear contact lens 
wearers is no? significantly different 
from non-cen act lens wearing con- 
trols. This find ng is similar to that of 
a recent study of 40 daily-wear con- 
tact lens wearers who also showed no 
change m enddthelial permeability." 
By the techniques used in this study, 
we can statew th 90% confidence that 
the true difference in endothelial per- 
meability be:ween extended-wear 
contact lens wearers and controls is 
not greater taan 18%. In addition, 
corneal clarit~ and central corneal 
thickness wem the same in both 
zroups. Therdere, this study was 
unable to detect any differences in 
endothelial fuxction between wearers 
of extended-wear contact lenses and 
nonwearing controls. 

We reaffirm the results of numer- 
ous other studies by showing that 
changes in eneothelial morphological 
features are associated with long- 
term contact ens wear. Universally, 


œ an increase in the coeficient of varia- 


tion of cell size is seen in contact lens 
wearers.”!! Ths study found a 28% 
inerease in the coefficient of variation 
of cell size of extended-wear contact 
lens wearers, vhich is similar to the 
22% increase mecorded by Schoessler.° 
There was no difference in mean cell 
size between 2xtended-wear contact 
lens wearers and controls, which is in 
agreement witn the findings of Hold- 
en et al” We previously recorded a 
mean endothelial cell size in 40 daily- 
wear contact ens wearers that was 
smaller than that of controls in a 


L Schoessler JP” Woloschak MJ: Corneal endo- 
thelium in veteram PMMA centact lens wearers. 
Int Contact Lens Cinic 1981:3:19-25. 

2 Caldwell DR, Xastl PR, Dabezies OH, et al: 
The effect of long-term hard lens wear on corneal 

2ndothelium. Canmet Intraecular Lens Med J 
. 1982;8:87-91. 

3 Wolosehak MJ: The Corneal Endothelial 
Appearance in Unateral Contact Lens Wearers, 
thesis. Ohie State Jniversity, Columbus, 1983. 

4 Caillaa S, Cæhet P: Corneal endothelium 
and contact lenses: Centactologia 1983;5:32-43. 

5. Schoessler JP Cornea! endothelial polyme- 
zathism a$sociatec with extended wear. Int Con- 
tact Lens Clinic 1$$3-10:148-155. 

6. Hirst LW, Awer C, Cohn J, et al: Specular 


o Eiaa: of hari contaet lens wearers. Oph- 


° thalmalogy 198£911 147-1153: 


7. Stocker EG" Schoessler JP: Corneal endo- 


. , thelial polymegatEism indueed by PMMA con- 


tact lens wear. Tnaest*Ophthalmol Vis Sci 1985; 
26:857-863. ai 
&. MacRae SM, Matsuda M, Yee R: The effect 
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study using the same instruments and 
methods.'! Other studies of daily-wear 
lens wearers have shown either no 
change in endothelial cell size'**"° or a 
slight increase.” Although others have 
found a decrease in the percentage of 
hexagonal cells in contact lens wear- 
ers,*!°!! we did not. We found an 
increased percentage of seven-sided 
cells, although this finding assumes 
less importance in the absence of 
abnormal proportions of five- and six- 
sided cells. The inerease in the coeffi- 
cient of variation of cell size, as well 
as the larger proportion of seven- 
sided cells, shows that the endothelial 
cell mosaic of extended-wear contact 
lens wearers is morphologically 
unstable compared with non-contact 
lens wearers of similar ages. 

Previously, we measured a slight 
increase in the flow of aqueous humor 
in contact lens wearers." This change 
in flow was only 7% and was not 
confirmed by this study. Polarization 
of fluorescence, an indication of pro- 
tein binding,’ was measured in the 
corneal stroma and anterior chamber. 
As with daily-wear lens wear,” no 
increase in polarization of fluores- 
cence was seen in extended-wear con- 
tact lens wearers. The mean concen- 
tration of fluorescein measured with- 
in the corneal stroma approximately 
six hours after topical application was 
similar in both groups. This would 
indicate no change in epithelial per- 
meability to fluorescein in extended- 
wear contact lens wearers 24 hours 
after lens removal We found similar 
results after daily wear.” 

The Figure shows a positive corre- 
lation between mean endothelial cell 
size and the number of years of 
extended-wear centact lens wear 
(p = .61, P < .05). In a previous study 
of daily-wear lens wearers, we were 
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unable to show sueh a correlation." 
No correlations of wearing time with 
any other variables were found. 
Stocker and Schoegssler’ noted a sig- 
nificant increase im the coefficient of 
variation of cell size (polymegethism) 
with increased wearing time in 15 
hard contact lens wearers. The effect 
of age, which is also correlated with 
polymegethism,'*”” was not evaluated 
in their study, however. Caldwell et al? 
and Hirst et al,° in their respective 
studies of daily-wear hard contact 
lens wearers, found a positive correla- 
tion between mean endothelial cell 
size and total length of contact lens 
wear. Although the sample size is 
small (n=11), the Figure shows a 
definite tendency toward larger mean 
endothelial cell sizes in those subjects 
who have worn extended-wear lenses 
longer. If the data are adjusted for the 
effect of age by multiple linear regres- 
sion, the number of years of lens wear 
still correlates significantly with 
mean endothelial cell size (P = .001). 
As shown in the Figure, however, 
there is a gap in the data between four 
to seven years of extended lens wear. 
The single subject with seven years of 
lens wear assumes undue importance 
in the correlation. If the data from 
this single subject are excluded from 
the analysis, the resultant correlation 
is not significant (p = .467, P = .17). 

In conclusion, contact lens usage on 
an extended-wear basis induces mor- 
phological changes in the corneal 
endothelium; these changes may 
progress as the years of wear increase. 
No impairment of endothelial func- 
tion was detected. 
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Visual Field Constriction Caused by 


Colored Contact Lenses 


Michael S. Insler, MD; Clifford Hendricks, MD; Donna M. George, RN 


@ Goldmann visual field testing was 
performed on ten patients while they 
were wearing the recently released Dura- 
Soft 3 colored soft contact lenses. All 
patients but one had visual field constric- 
tion ranging from 5° to 20°. When the 
areas inside the three tested isopters 
were averaged, the amount of field loss 
ranged from 21% to 47%. Contact lens 
fitters as well as wearers should be 
warned of this potential complication. 

(Arch Ophthalmol 1988;106:1680- 
1682) 


VY caer! essen Division of Schering 
Corp, Chicago, has recently intro- 
duced its DuraSoft 3 colored soft con- 
tact lens for persons interested in 
changing their eye color. These lenses 
have a 12.5-mm polychromatic band 
with a clear 5-mm pupillary zone and 
a 14.5-mm diameter. The iris segment 
is made of opaque colored dots applied 
to the outside surface of the lens in 
shades of blue, green, and aqua. Plano 
lenses are available for persons with 
no refractive error. 

When a number of these soft lenses 
for cosmetic purposes were being fit- 
ted, several patients complained of 
subjective visual disturbances and 
visual haze. To determine some of the 
effects of this contact lens on visual 
function, we performed standard 
Goldmann perimetry on healthy vol- 
unteers. 


SUBJECTS AND METHODS 


Ten volunteers (free of ocular disease) 
were fitted with aqua DuraSoft contact 
lenses in both eyes. The patients were 
examined to assess normal centration with 
0.5 to 1 mm of movement (Fig 1). Each 
patient wore the lenses for a minimum of 
one hour prior to undergoing standard 
Goldmann visual field testing. The 
patients were divided equally into two 
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Fig 1.—Wesley-Jessen DuraSoft colored contact lens with opaque dots available in three tints. 


Small optical zone and decentration as demonstrated in this patient may play role in visual field 
constriction. 


Without Lens * With Lens* % Change 
Patient —$—$—— ee, 
No. Eye l-4-e l-3-e l-2-e l-4-e l-3-e l-3-e l-2-e 
151.19 98.78 


21.52, 22°36 





* Area inside each isopter in square centimeters. 
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groups, with the first group having visual 
field testing performed with the lens in 
and repeated ome hour after lens removal. 
In the second group, Goldmann fields were 
obtained first without the lens and then 
again while sabjects were wearing the 
plano colored lens. During visual field 
screening, bacxground illuminance was 
31.5 apostilbs (_0 ed/m?’). 





Without Lens * 
162.38 

162.11 
109.14 


Isopter 
|-4-e 





Tale 2.—Results of Visual Field Testing in Colored Contact Lenses 











RESULTS 


Three isopters were measured in 
each eye with and without soft contact 
lens wear. All patients were women 
who had 20/20 uncorrected visual acu- 
ity (with no refractive error) and were 
cooperative, reliable, and maintained 
steady fixation. A digitizer was used 





With Lens * 
127.58 
127.08 
66.56 


% Change t 
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38.59: 
31.27 
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to compute the area inside each isopt- 
er (Table 1). These results were aver- 
aged, and the percentage of change 
was determined. Student’s t test was 
used for statistical analysis (Table 2). 
P values were found to be significant 
at all confidence intervals. Of interest 
was the larger percentage of change 
seen in the more central isopters. 
There was approximately a 45% 
decrease in area with the I-2-e isopter 
while wearing lenses as opposed to a 
21% decrease in area with the I-4-e 
isopter. This finding seems to be con- 
sistent when these fields are analyzed 
with regard to changes in degrees of 
visual angle, which possibly repre- 
sents a generalized depression of the 
visual island due to decreased lumi- 
nescence caused by the peripheral 





Fig 2 —Goldmann visual field obtained in patient with (top left and right) and without (bottom left and right) DuraSoft 3scolored 
contect lens. This patient had peripheral visual field constriction greater than 20° while wearing colored contact lens. 
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opaque band of the contact lens. Over- 
all, all the patients but one demon- 
strated at least 5° to 10° of peripheral 
visual field loss while wearing the 
contact lenses. One patient showed no 
change in the visual field, while one 
patient had a field constriction great- 
er than 20° (Fig 2). There seemed to be 
no difference in visual field function 
between the two groups. 


COMMENT 


With the growing popularity of soft 
contact lenses, there are an increasing 
number of lens-related complications. 
Some of these are caused by the lens, 
others by inadequate patient care. 
Ocular complications range from mild 
conjunctivitis to cerneal ulceration.” ? 

Our experience with the recently 
released Wesley-Jessen DuraSoft soft 
contact lens has generally been favor- 


1. Rao GN: Complications due to daily wear of 
soft contact lenses, in Dabezies OH (ed): Contact 
Lenses: The CLAO Guide to Basic Science and 
Clinical Practice. New York, Grune & Stratton, 


able, with the lens providing a pleas- 
ing cosmetic effect for those patients 
interested in changing their eye color. 
The lens is available in three different 
shades produced by opaque dots 
applied to the lens periphery. 
Occasionally, a minority of patients 
have reported subjective visual dis- 
turbances such as blurring and hazi- 
ness of their peripheral vision. Our 
preliminary Goldmann visual field 
testing in a small sample of patients 
has demonstrated that this may be 
due in part to a 5° to 10° constriction 
in the visual field probably as a result 
of the small 5-mm clear optical zone 
design of this contact lens. Analysis of 
our data utilizing a digitizer demon- 
strated uniform constriction in all 
three isopters while patients were 
wearing the colored lenses. The mean 
area of change averaged a high of 46% 
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in the smaller isopters, and our 
results were insignificant in only one 
patient. Josephson and Caffery’ simi- 
larly tested a group of healthy myopic 
patients with clear and opaque col- 
ored lenses. Substantial (>10°) field 
loss was found in all cases when the 
midperipherally colored lenses were 
worn. They believed the field loss was 
a function of slight lens decentration 
and variable pupil size. 

We caution contact lens fitters in 
the use of these colored soft contact 
lenses. The lens should be fit so there 
is ideal centration, with lens move- 
ment kept to a minimum. Also, the 
lenses should be removed during 
patient examination to thoroughly 
and accurately examine the peripher- 
al cornea and limbus. Finally, fitters 
and patients should be warned of the 
possible constriction in visual field. 
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Complications of Prematurity That May Require Surgical Intervention 
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Observations on Lens Epithelial Cells and Their Removal 


in Anterior Capsule Specimens 


Tsumotu Hara, MD, Takako Hara, MD 


@ We studied the morphology and 
removal of lens epithelial cells in the 
following ways. In 49 senile cataractous 
eyes with a mean (+SD) age of 69 +9 
years, mean (*SD) cell density was 
3574 + 512 cells/mm?’ and mean (+SD) 
cell size was 281 + 48 um’. With age 
there was a significant decrease in cell 
density and an increase in cell size. Imme- 
diately after cach of the following proce- 
dures was performed on the central ante- 
rior capsule curing routine cataract sur- 
gery, the capsule was removed and 
observed. Procedures used were (1) aspi- 
ration, (2) aspiration with ultrasound, (3) 
instant single eryopexy application, (4) 
double cryopexy, and (5) double cryopexy 
followed by aspiration with ultrasound. 
Each procedure could destroy or remove 
lens epithelia! cells completely. The pro- 
cedure thatwe recommend is single cryo- 
pexy application followed by aspiration 
with ultrasound. 

(Arch Ophthalmol 
1687) 


1988; 106: 1683- 


Fert for the peripheral area, 

which is used for capsular bag 
intraocular lens (IOL) fixation, the 
anterior lens capsule has been consid- 
ered not only useless but harmful for 
maintaining good visual acuity after 
cataract removal. Therefore, a wide 
portion of the central anterior capsule 
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is removed during surgery. Thus, 
there have been no reports concerning 
postoperative anterior capsular opac- 
ification after cataract surgery. Until 
the advent of true endocapsular cata- 
ract surgery, when we will be able to 
retain the entire capsular bag’? and 
refill it with flexible materials? to 
retain a clear lens with accommoda- 
tion, maintaining the postoperative 
transparency of the anterior capsule 
is extremely important. Our previous 
study’ demonstrated that malprolifer- 
ation of remaining lens epithelial cells 
was the cause of postoperative anteri- 
or capsular opacity and that extensive 
removal of the lens epithelial cells 
was necessary to maintain postopera- 
tive anterior capsular transparency. 
Thus, in vivo observation of the lens 
epithelial cells becomes important. 
However, at present, with the use of a 
slit lamp or specular microscope, we 
can observe only postoperative patho- 
logically proliferating lens epithelial 
cells’? and cannot observe intact cells 
clearly in situ. The next best method 
is observation under the phase-con- 
trast light microscope, by which we 
can easily examine the lens epithelial 
cells of the freshly removed anterior 
capsule. The information obtained by 
this method will be beneficial in ana- 
lyzing the obscure images obtained by 
specular microscopy. In 1987 Karim 
and Thompson” described the cell 
density and morphology of the human 
lens epithelium under fixed and 
stained conditions. Samples were 
obtained from donor cadaver eyes and 
cataractous eyes at surgery. In the 
present study we observed the lens 


epithelial cells of cataractous eyes in 
an extremely fresh, unstained, and 
unfixed condition, and we demon- 
strated the effects of various kinds of 
clinical lens epithelial cell-removal 
procedures that will benefit endocap- 
sular cataract surgery in the future. 


SUBJECTS AND METHODS 
Series 1 


Cell density and ‘ens-epithelial cell size 
were studied in 49 anterior lens capsules 
removed from 49 eyes of 49 patients (20 
male and 29 female) who underwent rou- 
tine phacoemulsification for cataracts at 
our hospital from Janmwary 1986 to July 
1987 (Fig 1). All patiemts had senile cata- 
racts without any sign of other ocular 
disorders. The mean SD) age of the 
patients was 69 + & years (range, 50 to 83 
years). 

In routine cataract surgery, a 7-mm 
round piece of central anterior capsule was 
removed with fine foreeps following can- 
opener capsulotomy using a 25-gauge bent 
disposable hypodermic needle. A balanced 
salt solution (BSS Plus. Alcon Pharmaceu- 
ticals Ltd, Fort Worth, Tex) was used for 
irrigation. A drop of balanced salt solution 
was dropped onto a giass plate and the 
removed anterior capsule was placed on it 
and flattened gently with a cover glass. 
Without staining, cells were clearly 
observed under a phase-contrast light 
microscope. After observation photo- 
graphs were taken, usually at X40 or X80 
magnification. The entire procedure was 
carried out at room temperature (approxi- 
mately 22°C) and completed within three 
minutes. When the samples were sealed 
with ointment the shape of the cells was 
preserved for three hours. The photo- 
graphs were developed at X380 magnifica- 
tion for cell density amd size calculations. 
Cell density was calculated by the fixed- 
frame method, as in the corneal endotheli- 
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Fig 1.—Phase-contrast microscopic observation of flat preparation of fresh lens epithelial cells. 
After can-opener capsulotomy in routine cataract surgery, 7-mm central anterior capsule is 
removed and placed in balanced salt solution (BSS) dropped on glass plate. Cover glass is 
placed and specimen is observed under phase-contrast light microscope. Sometimes perimeter 


of removed capsule is sealed with ointment. 


um.’ For cell-size measurement, the figure 
of each cell in the developed photograph 
was traced on transparent paper and the 
size was computed automatically with the 
use of a corneal endothelial cell analyzer 
(Sun Contact Co, Kyoto, Japan). In two 
eyes from patients in the sixth and ninth 
decades, respectively, the ratio of cell 
shapes was calculated in the same man- 
ner. 


Series 2 


To confirm the effectiveness of the epi- 
thelial cell removal, 25 additional eyes 
were used. All were senile cataractous eyes 
without any other ocular disorders in 
patients whose ages ranged from 60 to 63 
years. The period of the studies was the 
same as in series 1. During routine cata- 
ract surgery a 3-mm sclerocorneal incision 
was made with a diamond knife and the 
anterior chamber was filled with 2% meth- 
ylcellulose. Then each of the following pro- 
cedures was performed on the anterior 
capsules of five eyes before removal. 

1. Simple Aspiration.— Using a 25-gauge 
disposable hypodermic needle, a 2-mm 
incision was made in the upper anterior 
capsule. The ultrasound tip of a Cavitron/ 
Kelman phacoemulsifier 8000 unit (Coo- 
pervision, Irvine, Calif) was submerged 
under the anterior capsule and a small 
amount of subcapsular cortex was careful- 
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ly removed. Then an infusion-aspiration 
tip was submerged at the same location 
and the inner surface of anterior capsule 
was aspirated once. It was confirmed that 
subcapsular prefragmentation did not 
damage lens epithelial cells. 

2. Aspiration With Ultrasound (Nishi Tech- 
nique).— A bent infusion-aspiration tip was 
attached to the Cavitron ultrasound hand- 
piece and part of the inner surface of the 
anterior capsule that was pretreated as in 
procedure 1 was then aspirated with ultra- 
sound at an intensity setting of 3 to 5." 
Cleaning was not repeated at the same 
site. 

3. Single Cryopexy Application.—A 1-mm 
endocryopexy tip for vitreous surgery was 
placed in the center of the anterior surface 
of the anterior capsule. Immediately after 
ice-ball formation, the tip was defrosted. 
No subsequent aspiration was performed. 

4. Double Cryopexy Application.—Imme- 
diately following defrosting after the first 
freezing, freezing was repeated.” No subse- 
quent aspiration was performed. 

5. Duble Cryopexy Application Followed by 
Aspiration With Ultrasound.—This is the 
main procedure that we have employed to 
date. In each specimen, after the cleaning 
procedure was performed, can-opener cap- 
sulotomy using a 25-gauge disposable 
hypodermic needle for a 7-mm central 
anterior capsule that included the treated 


Table 1.—Cell Density and Size of Lens 
Epithelial Cells at Anterior Pole of 
Cataractous Lenses 







Patient No. Mean(+SD) Mean (+SD) 
Age, of Density, Cell Size, 
Eyes Cells/mm? um? 









50-59 10 3688 + 444 270+ 35 
60-69 14 3587 + 363 278+ 33 
70-79 15 3594 + 515 278 + 45 
80-89 10 3409+ 685 300 + 72 
3574 + 512 > 


Cells / mm? 
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Fig 2.—Lens epithelial cell density of catarac- 
tous lenses at anterior pole as function of age. 


Number of patients per age group ranged from 
ten to 15. Shaded area indicates +1 SD. 
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Fig 3.—Lens epithelial cell size of cataractous e 
lenses at anterior pole as function of age. ` 
Number of patients per age group ranged from 
ten to 15. Shaded area indicates +1 SD. 


area was performed and the flap was 
removed with forceps. The removed flaps 
were observed in the same fashion as in 
series 1. 


RESULTS. . te 
Lens Epithelial Ceils of 
Cataractous Eyes 


Cell density and size are presented 
as a function of age in Table 1 and 
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Figs 2 and 3. The mean (+SD) cell 
density was 3574 + 512 cells/mm?, 


x “with a range of 2179 to 4849 cells/ 


mm’, and the mean (+SD) cell size 
was 281 + 48 um’, with a range of 13 
to 798 wm* The cell density of cata- 
ractous eyes gradually decreased with 
age. However, there were no signifi- 
cant differences between consecutive 
age decades; between the sixth and 
ninth decades the difference was sig- 
nificant (P < .05). Cell size increased 
with age. However, there was no sig- 
nificant difference except between the 
sixth and ninth decades (P < .01). 

Polygona! (usually hexagonal) cells 
were found to cover the inspected 
anterier capsule. A representative 
photograph is shown in Fig 4. In two 
eyes of twe patients who were in their 
sixth and ninth decades, respectively, 
hexagonal cells were the most numer- 
ous (41% to 45% ), followed by penta- 
gonal cells (82% to 38%) (Fig 5, Ta- 
ble 2). 


Effects of Epithelial Cell Removal Using 
Various Procedures 


With simple aspiration (Fig 6) cells 
were almest completely removed by 
the tip. Several remaining cells were 
observed im the swept area. However, 
these cells no longer seemed to have 
regenerative potential. Aspiration 
with ultrasound (Fig 7) completely 
removed the cells. A single cryopexy 
application (Fig 8) could destroy the 
cell structure completely. Although 
some eell debris remained, it did not 
seem to have regenerative potential. 
Double cryopexy application (Fig 9) 
completely destroyed the cells, but 
only asmall amount of cell debris was 
observed. However, in some cases (Fig 
10) a great deal of debris from 
destroyed cells covered the treated 
area. This debris did not exhibit nor- 
mal cell structure. Double cryopexy 
application followed by aspiration 
with ultrasound (Fig 11) is the most 
effective treatment available at 
present. Cells were completely re- 
moved without leaving debris. 

It is obvious that each procedure 
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“Values are the mean of two eyes for each decade. 
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Fig 4.—Phase-contrast light microscopic photograph of lens epithelial cells at anterior pole of 
64-year-old cataractous eye. Bar indicates 100 um (X80). 
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Fig 5.—Distribution of polygonal cells in lens epithelial cells of cataraetous eyes with age 
(average of two eyes for each age decade). 


No. (%) of Cells by No. of Angles/Cell 


5 6 7 8 
106 (34.3) 129 (41.7) 45 (14.6) 4 (1.3) 
112 (48.1) 30 (12.9) 8 (3.4) 
241 (44.5) 75 (13.8) 12 (2.2) 
116 (39.5) 29 (9.9) 4 (1.4) 
105 (43.6) 38 (15.8) 9 (3.7) 
221 (41.3) 67 (12.5) 13 (2.4) 


67 (28.7) 
173 (31.9) 
121 (41.2) 

82 (34.0) 
203 (37.9) 
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Fig 6.—Anterior lens capsule treated with simple aspiration. Lens 
epithelial cells are effectively removed (arrows). Bar indicates 100 um 


(X40). 





Fig 7.—Anterior lens capsule treated with aspiration with ultrasound. 
Lens epithelial cells are effectively removed (arrows). Bar indicates 100 
um (X40). 
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Fig 8.—Anterior capsule treated with single cryopexy application. Lens 
epithelial cells are thoroughly destroyed (arrows). Cell debris is 
observable in treated area. Bar indicates 100 um (X40). 
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Fig 9.—Anterior capsule treated with double cryopexy application. 
Lens epithelial cells are thoroughly destroyed (arrows). Bar indicates 
100 um (X80). 
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Fig 10.—Substantial debris from destroyed lens epithelial cells covers 
treated area after double cryopexy application (arrows). Bar indicates 
100 um (X40). 
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Fig 11.—Anterior capsule treated with double cryopexy application 
followed by aspiration with ultrasound. Lens epithelial cells are effec- 
tively removed (arrows). Also, subcapsular intermediate tissue is 
observable in cleaned area. Bar indicates 100 um (X40). 


Lens Epithelial Cells—Hara & Hara 


can destroy the cell structure com- 
pletely or remove all of the lens epi- 


~~ “thelial cells. 


~~ 


It is interesting that in Figs 6 
through 11 (except for Fig 10), follow- 
ing cell removal bumpy subcapsular 
tissue is clearly observable in the 
cleaned area. This may be the tissue 
that Hogan et al’ termed “intermedi- 
ate tissue.” We suspect that this tis- 
sue is the cause of capsular sha- 
green. 


COMMENT 
Observation ef the Lens Epithelial Cells 


With the use of a specular micro- 
scope, Fagerholm and _ Philipson™ 
reported that they could observe the 
intact lens epithelial cells of isolated 
human lenses only after the lenses 
were kept at 4°C for four hours. Their 
conclusions were as follows: In normal 
lenses, mean (+SD) cell density and 
size were 3900 + 200 cells/mm? and 
257 wm’, respectively. In eataractous 
lenses the values varied greatly. Cell 
density ranged from 550 to 4000 cells/ 
mm’. Karim and Thompson” counted 
4300 cells/mm’ in normal eyes and 
3719 to 4549 cells/mm? in various 
types of cataractous eyes. They also 
reported that there was no correlation 


~> between cell density and age. The rea- 


- 


son for the diference in Karim and 
Thompson” and our values may partly 
be due to tħe subjeets and the fixating 
procedure of the capsule. Karim 
Thompson" used eye-bank eyes and 
teluidine biue fixation. To pursue the 
difference is not pertinent to the 
present article. 

We found that cell density de- 
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creased and cell size increased gradu- 
ally with age. With the present tech- 
nique we can easily reconfirm the 
density, size, and shape of lens epithe- 
lial cells, which we cannot do with the 
specular microscope or slit lamp in 
vivo. This is the primary value of the 
present study. These results will offer 
useful information as we evaluate 
obscure specular microscopic images 
of the lens epithelial cells. 


Anterior Capsule Cleaning 


Also of importance in the present 
report are observations on anterior 
capsule cleaning. Clinically, all proce- 
dures used in the present study have 
been performed by us since 1982. No 
one procedure could completely pre- 
serve long-term postoperative capsu- 
lar transparency.’ It is interesting to 
note that the present results clearly 
show that morphologically all such 
procedures could destroy or remove 
the human lens epithelial cells com- 
pletely. How, then, can long-term 
transparency be achieved? In clean- 
ing, there are two ways: One is to kill 
the cells and the other is to remove 
the cells completely, regardless of 
their viability. The present results 
indicate that if we perform each one 
of the techniques meticulously, we can 
remove all lens epithelial cells com- 
pletely and retain postoperative ante- 
rior capsule transparency. If all cryo- 
pexy applications are overlapped over 
the entire area of the anterior capsule, 
the effect will be more secure. The 
present results show that a single 
cryopexy application can destroy the 
cell structure completely. Therefore, 
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it is not necessary te use the double 
cryopexy technique. Cryopexy seems 
to be more secure than the ultrasound 
aspiration technique. With the ultra- 
sound aspiration technique, only cells 
to which the ultresound tip is applied 
can be removed and te trace the entire 
area of the inner surface of the ante- 
rior capsule with the tip without 
breaking a small 1.5-mm anterior cap- 
sule opening in endocapsular cataract 
surgery is almost impossible. With 
cryopexy, the effeetive zone under the 
ice ball is wider than that of the tip 
contact area and the tip can be applied 
from the outer surface of the anterior 
capsule regardless of the capsular 
opening. Other experimental work by 
Fukaya et al" indicates that 20% of 
rat lens epithelial cells that are frozen 
at —45°C for two hours can survive 
and proliferate after defrosting. Also, 
the debris from cells destroyed by 
cryopexy (Fig 10) may become the 
target of inflammatory cells. There- 
fore, it is preferable to remove debris 
following cryopexy application. For 
removal, the use of ultrasound is more 
secure than simple aspiration. Thus, 
the combination of an overlapped sin- 
gle cryopexy application followed by 
aspiration with ultrasound is the easi- 
est and most effective procedure for 
anterior capsule cleaning. It should be 
noted that in clinical practice every 
cryopexy application and aspiration 
should be performed so as to cover the 
entire area of the anterior capsule. As 
a result of the present findings, we 
have opted to use the single cryopexy/ 
aspiration technique. Clinical results 
will be reported later. : 
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Fuchs’ Heterochromic Iridocyclitis in Blacks 


Byron R. Tabbut, MD; Howard H. Tessler, MD; Douglas Williams, MD 


@ Fuchs’ heterochromic iridocyclitis 
(FHI) is a frequently overlooked cause of 
anterior uveitis. Improper diagnosis may 
lead to unnecessary therapy. Dark brown 
irides may demonstrate heterochromia 
poorly. We believe that FHI may be over- 
looked in blacks because of a frequent 
lack of obvious heterochromia and the 
frequent presence of iris nodules. Hetero- 
chromia is not necessary for the diagno- 
sis of FHI if other clinical features of the 
syndrome are present. In our series of 54 
whites and 13 blacks with FHI, hetero- 
chromia occurred in 50 (92%) whites and 
ten (76%) blacks (nonsignificant differ- 
ence). Iris nodules occurred in 11 (20%) 
whites and four (30%) blacks (not signifi- 
cant). Statistically significant differences 
occurred with cataract/aphakia in 41 
(75%) whites and three (23%) blacks and 
with glaucoma in six (11%) whites and five 
(38%) blacks. 
= (Arch Ophthalmol 
1690) 
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uchs’ heterochromic iridocyclitis 

(FHI) is an important and often 
overlooked cause of anterior uveitis. 
Classically, FHI is a unilateral non- 
granulomatous iridocyclitis. The diag- 
nosis of FHI can be made even when 
heterochromia is subtle or absent, as 
emphasized by Franceschetti) and 
Liesegang.2 Typical findings include 
the following: (1) relative lack of 
symptoms, (2) low-grade anterior 
chamber reaction, (3) characteristic 
diffusely spread stellate-shaped ker- 
atic precipitates, (4) iris atrophy with 
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or without heterochromia, (5) lack of 
posterior synechiae, (6) cells and 
strands in the anterior vitreous, and 
(7) lack of active fundus lesions. 

In 1978, Kimura’ reported 11 cases 
of FHI in brown-eyed white patients. 
The occurrence of FHI in blacks, how- 
ever, has rarely been reported.: We 
herein describe a series of 13 black 
patients with clinical findings of FHI 
and compare their findings with those 
of 54 white patients with FHI. 


PATIENTS AND METHODS 


Patients referred to the Uveitis Clinic at 
the University of Illinois at Chicago Eye 
and Ear Infirmary were evaluated by his- 
tory and complete eye examination. 
Between 1972 and 1987, we saw 1577 
patients and the diagnosis of FHI was 
made in 67 patients. The diagnosis of FHI 
was made based on the criteria listed in 
Table 1. These criteria were established 
from data in the literature and used in this 
retrospective study to confirm a previous 
clinical diagnosis.'**’ The presence of each 
of the findings listed under “essential find- 
ings” in Table 1 was necessary for the 
diagnosis of FHI. Each patient also had at 
least two of the “associated findings” 
listed in Table 1. 

Additionally, each patient had normal 
findings from a workup for other causes of 
chronic iridocyclitis, including tuberculo- 
sis, sarcoidosis, and syphilis. This workup 
consisted of a serum fluorescent trepone- 
mal antibody absorption test, rapid plasma 
reagent test, angiotensin-converting en- 
zyme, lysozyme, purified protein derivative 
skin test, and a chest roentgenogram. 
Evaluation was not done for other types of 
associated disease, such as HLA-B27, 
which is seen commonly in acute iridocycli- 
tis. Racial categorization was based on the 
patient’s appearance to the physician. No 
Hispanic or Oriental patients with FHI 
were seen. 


RESULTS 


Sixty-seven cases of FHI were diag- 
nosed from 1577 patients seen 


between 1972 and 1987. This repre- 
sents 4.2% of referred patients with 
uveitis. Of the 67 patients, 54 (80%) 
were white and 13 (19%) were black. 
Findings are summarized in Table 2. 
Statistical analysis was done using 
Fisher’s exact test. 

Heterochromia was found in 50 
(92%) of the white patients and ten 
(76% ) of the black patients. This was 
not a significant difference. 

Cataract or surgical aphakia was 
present in 41 white patients (75%) 
and three black patients (23%). This 
difference was significant to the .0006 
level. The cataract was a posterior 
subcapsular opacity in all cases. 

Nonactive chorioretinal scars were 
found in four (7%) of the white 
patients and three (23%) of the black 
patients. This was a nonsignificant 
difference at the .127 level. These 
scars were flat atrophic nonpig- 
mented scars in the periphery. The 
scars varied in size from 0.5 to 1.5 disc 
diameters. Some had pigmented bor- 
ders. 

Glaucoma was found in six white 
patients (11% ) and five black patients 
(38% ). This was significant to the .03 
level by Fisher’s exact test. Glaucoma 
was diagnosed by either a history of 
glaucoma therapy or an intraocular 
pressure higher than 22 mm Hg. - 

Age at the time of diagnosis varied 
between the first to eighth decades of 
life in white patients and the third to 
sixth decades of life in black pa- 
tients. 

Of the 54 white patients, four (7%) 
had bilateral involvement. Of* the 50 
unilateral cases in white patients, 29 
involved the right eye and 21 involved 
the left eye. All 13 black- patients had 
unilateral involvement; ðf- these, the 


right eye was affected in six patients . - 


and the left eye was affected in seven 
patients. ‘ 
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Table 1 —Diagnostic Criteria for 
Fuchs’ Seterochromic Iridocyclitis 


=ssential Findings 

Laek of ace symptoms of severe pain, 
redness, ef photophobia* 

Low-grade anterior chamber reaction 
(cells, 1 © 2+) 

Lack of possrior synechiae 

Presence ofecelis in anterior vitreous 

Absence of active fundus lesions 

Associated Findings 

Numerous fime keratic precipitates 
diffusely Sread over the entire cornea 

Iris stroma! -trophy 

Unilateraiity 

Cataract 

Glaucoma 

Abrorme! argie vessels 





* Mild symptcms of vague discomfort plus mild 
redness were seen in our patients, as were symp- 
toms offblurred sion and floaters. 


Visual acuity at the time of diagno- 
sis varied frem 20/20 to hand motions. 
There was no significant difference 
between bleek and white patients. 
Twenty-five (46%) of the white 
patients anc seven (53% ) of the black 
patients had a visual acuity better 
than 20/30. Thirty-eight (70%) of the 
white patierts and 12 (91%) of the 
black patierts had a visual acuity 
better than 20/50. 

Iris noduwes were present in 11 
white patierts (20%) and four black 
patients (30% ). 


COMMENT 


Fuchs’ heerochromic iridocyclitis 
is an important diagnosis to make for 
the followiag reasons: (1) Since 
patients with FHI do not have ciliary 
spasmor symechiae, cycloplegic thera- 
py is seldom necessary. (2) Patients 
with FHI ane at significant risk for 
developing @aucoma and need to be 
monitered rezularly so that glaucoma 
may be deteeted early. (3) Because 
corticosteroids reduce the inflamma- 
tion only miaimally and often do not 
produee any long-term change in the 
elinical course, they generally should 
not be used en a long-term basis. (4) 
As a relatively mild form of chronic 
iridocyelitis, FHI has a fairly good 
prognosis for the patient. (5) Unilat- 
eral cases ef FHI have not been 
reported to t=come bilateral, and this 
can be reassuring to patients. 

To eur knewledge, there are no 
available laboratory tests to confirm 
the dignosis of FHI. In our series of 
patients, the diagnosis of FHI was 


4 -made based en clinical findings char- 


acteristic of “HI. We believe that we 
have probably misdiagnosed previous 
eases of FEI in-black patients as 
chronic granulomatous iridocyclitis of 
an unknown éause, before we recog- 
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Table 2.—Comparison of Clinical Findings of FHI in Whites and Blacks* 


No. (%) of Patients 


Finding 

Symptoms 

Decreased VA 

Floaters 

Mild redness 

Mild pain 

Mild photophobia 
Signs 

Heterochromia 

Iris atrophy 

KPs 

Iris nodules 

Posterior synechiae 

Cataract / aphakia 

Nonactive chorioretinal scars 

Venous sheathing 

Elevated IOP /history of glaucoma 


35/54 (64) 
16/54 (29) 


White 


Black 


10/ 13 (7) 
4/13 (3D) 


4/54 (7) 0 


5/54 (9) 


1/13 (7 6) 


6/54 (11) 0 


50/54 (92) 
26/54 (48) 
49/54 (90) 
11/54 (20) 


0 


41/54 (75) 
4/54 (7) 


10/13 (75) 
8/ 13 (@1) 
13/ 13 (100) 
4/13 (@) 
0 

3/13 (2) 
3/13 (28) 


1/54 (2) 0 


6/54 (11) 


5/13 (38) 





*FHI indicates Fuchs’ heterochromic iridocyclitis; VA, visual acuity; KPs, keratic precipitates; IOP, 


intraocular pressure; and NS, not significant. 
tFisher's exact test. 


nized their rather atypical presenta- 
tion. The features of FHI that seem 
atypical in black patients are the fre- 
quent lack of obvious heterochromia 
and the more common presence of iris 
nodules. 

Heterochromia is often not obvious 
in dark-brown-eyed individuals. 
Looking at both eyes simultaneously 
in natural daylight or with bright 
overhead illumination may help 
establish the presence of subtle hypo- 
chromia in one eye. Frequently, one 
eye is slightly less brown than the 
other. Kimura, in his series of hetero- 
chromic cyclitis in brown-eyed indi- 
viduals, emphasized that subtle 
changes are evident on the anterior 
surface of the iris. The involved iris in 
most of our black patients showed a 
loss of crispness and a blunting of 
detail. A neutral observer, such as a 
technician or nurse, who does not 
know which eye is affected can be 
asked to pick the lighter-colored eye 
and may help eliminate observer bias 
by the physician. 

Classically, FHI is considered to be 
nongranulomatous inflammation. 
However, an incidence of iris nodules 
in up to 30% of patients has been 
reported.' In this study we found iris 
nodules in 11 (20%) white patients 
and four (30%) black patients (not 
statistically different). Koeppe and 
Busacca nodules were noted. The pres- 
ence of the iris nodules coupled with 
subtle or absent heterochromia in a 
black patient could mislead a physi- 
cian to diagnose the case as chronic 
granulomatous iridocyclitis. The fact 
that these Koeppe nodules do not lead 
to synechiae is important in establish- 


ing a diagnosis of FHI. The major 
criteria for diagnosing FHI are the 
same in black patients as in white 
patients. 

Although classic FHI generally has 
no associated characteristic fundus 
lesions, chorioretinal scars resem- 
bling toxoplasmie retinitis have been 
reported.: We found similar lesions 
in four white patients (7% ) and three 
black patients (23% |. These were flat 
atrophic punched-owt scars in the 
periphery, a few of which had pig- 
mented borders. The majority were 
smaller than 0.5 disediameters repre- 
senting nonspecific fecal areas of reti- 
nal pigment epithelial atrophy. 

The incidence cf glaucoma in previ- 
ous series has ranged from 13% to 
30%. Liesegang? reported an inci- 
dence of glaucoma ef up to 59% at 
long-term follow-up. We found glau- 
coma in six (11%) wħite patients and 
five (388%) black patients (P < .03). 
Black patients are reported to have a 
disproportionate incidence of damage 
from open angle giaucoma.’”® This 
report may indicate a greater risk for 
the secondary glaucoma of FHI. The 
nature of the glaucoma seen with FHI 
is uncertain. Abnormal angle vessels, 
rubeosis, blunting of angle details, 
irregular peripheral anterior syne- 
chiae, as well as normal-looking 
angles are reported in patients with 
FHI and glaucoma.’ Abnormalities of 
the angle do not correlate well with 
the incidence and severity of the glau- 
coma. 

The incidence of cataract in FHI 
can be as high as 100% . Our findings 
of a 75% incidence of cataract or 
aphakia in white patients and a 23% 
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incidence in black patients may be 
important. This difference is signifi- 
cant to the .0006 level. We know of no 
studies indicating a differing inci- 
dence of cataract by race in either 
secondary or primary cataracts. The 
small number of black patients! in 
the study may have skewed the cata- 
ract and glaucoma results, and only 
larger numbers of patients will tell 
how real these differences are be- 
tween black and white patients. 
Patients with FHI generally toler- 
ate cataract surgery well, without a 
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marked increase in inflammation or 
the development of phthisis.!? Many 
do well with intraocular lenses.!!° 
Some authors have reported an 
increased risk of postoperative hyphe- 
ma, persistent vitreous hemorrhage, 
vitreous haze, and elevated intraocu- 
lar pressure.'*'* Cystoid macular ede- 
ma is encountered less frequently in 
FHI than it is with other forms of 
chronic iridocyclitis. 

In conclusion, we believe that oph- 
thalmologists should not be reluctant 
to make the diagnosis of FHI in black 
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Significance of Cilioretinal Arteries in 


Primary Open Angle Glaucoma 


Kim A. Lindenmuth, MD; Gregory L. Skuta, MD; David C. Musch, PhD; Michael Bueche 


@ Greater optic nerve and visual field 
damage has seen reported in eyes with 
primary open angle glaucoma that also 
have cilioretiwal arteries compared with 
fellow eyes tiat do not have cilioretinal 
arteries. The cilioretinal artery may shunt 
blood from the posterior ciliary arterial 
circulation away from the optic nerve, 
especially in the inferior and superior 
optic disc, where early glaucomatous 
damage ofter occurs. To evaluate these 
observations, we reviewed stereoscopic 
disc photographs of 122 patients with 
primary opem angle glaucoma. Twenty- 
one patients had unilateral cilioretinal 
arteries anc bilateral primary open angle 
glaucoma with an intraocular pressure 
greater tham 21 mm Hg at presentation 
and a difference of 3 mm Hg or less 
between the eyes. Stereoscopic disc pho- 
tographs and Goldmann visual fields were 
evaluated in masked fashion. In glauco- 
matous eyes with comparable intraocular 
pressures, we found no significant optic 
nerve or visual field differences in eyes 
with cilioretinal arteries compared with 
eyes without eilioretinal arteries. 

(Arch OQpathalmol 1988;106:1691- 
1693) 


ilioretinal arteries, which are 
present in 15%' to 49.5%? of eyes, 
generally arise from the short posteri- 
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or ciliary arterial circulation or, rare- 
ly, directly from the choroidal circula- 
tion.* The retrolaminar optic nerve 
receives its nourishment primarily 
from the short posterior ciliary arte- 
rial circulation. Because of the close 
relationship among the cilioretinal 
arteries, the short posterior ciliary 
arterial circulation, and the optic 
nerve blood supply, it is possible that 
the presence of a cilioretinal artery 
may be a factor in optic nerve damage 
in patients with primary open angle 
glaucoma. The controversy over an 
ischemic or vasogenic theory of glau- 
comatous optic nerve damage vs a 
direct mechanical theory of damage in 
primary open angle glaucoma is com- 
plex and will not be easily resolved. If 
the presence of a cilioretinal artery is 
significant, this would lend support to 
the vasogenic theory of glaucomatous 
damage. 

Shihab et alí studied 100 consecu- 
tive patients with primary open angle 
glaucoma and found that 20 had uni- 
lateral cilioretinal arteries. Despite 
symmetrical intraocular pressures 
between the two groups, the eyes with 
cilioretinal arteries had a larger aver- 
age cup-disc ratio of 0.74 + 0.13, com- 
pared with an average cup-disc ratio 
of 0.60 + 0.18 in eyes without a cilio- 
retinal artery (P < .005). Fifteen of 20 
eyes with cilioretinal arteries showed 
greater visual field damage than fel- 
low eyes witheut the cilioretinal 
arteries. The authors proposed that 
the cilioretinal arteries were shunting 
blood from the short posterior ciliary 
circulation away from the optic nerve. 
They further theorized that this 
decreased blood flow may not affect a 





healthy nerve but may be a critical 
and damaging factor to nerves that 
are chronically ischemic from glauco- 
ma. Because of the important implica- 
tions of Shihab and colleagues’ study 
for the vasogenic and mechanical the- 
ories of glaucomatous damage as well 
as the clinical implications, we re- 
peated their investigation to further 
evaluate their observations. This 
study was designed in a similar man- 
ner, using the same criteria for case 
inclusion and data evaluation. 


MATERIALS AND METHODS 


All glaucoma clinic fow sheets, which 
had been completed for all clinic patients 
since 1980, were examined to identify 
patients with bilateral primary open angle 
glaucoma. Disc photographs taken at or 
near the time of presentation to the clinic 
were available for 122 patients with prima- 
ry open angle glaucoma. These photo- 
graphs were reviewed for the presence of a 
cilioretinal artery, which was defined as an 
artery arising at or near the edge of the 
disc, bending with a characteristic hook 
before crossing the disc margin, and show- 
ing no connections with the central retinal 
artery or one of its branches. To avoid 
misinterpretation of the deep arterial 
branches, the main trunk of the central 
retinal artery and its first bifurcation were 
identified on the surface of the disc 
(Fig 1). 

The diagnosis of primary open angle 
glaucoma was made on the basis of an 
intraocular pressure without treatment 
greater than 21 mm Hg, nerve fiber bundle 
visual field defects, apen angles on gonios- 
copy, and a cup-disc ratio greater than 0.3 
in at least one eye. Optic disc and visual 
field criteria were used when intraocular 
pressures without treatment were not 
available. Subjects with optic disc anoma- 
lies, such as optic pits, dise drusen, tilted 
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Cilioretinal artery (arrow) arises at or near edge of disc margin and bends with characteristic 
hook. It has no connection with central retinal artery or its branches. 


- Table 1. —Intraocular Pressure in 21 Patients With Bilateral Open Angle Glaucoma 
and Unilateral Cilioretinal Arteries 


Cilioretinal 
Artery 


+ 
Mean 


Intraocular Pressure, mm Hg 


(SD) Median 


23.2 (6.4) 
23.5 (6.4) 





* Mean difference, 0.3 mm Hg; P = .47 by Student's paired f test. 


Table 2.—Cup-Disc Ratio in 21 Panoni» With Bilateral Open Angle Glaucoma and Unilateral 


Cilioretinal 
Artery 


0.48 (0.20) 
0.51 (0.18) 


Mean * 


Cup-Disc Ratio 


(SD) Median 


0.20-0.90 
0.25-0.80 





* Mean difference, 0.03; P = .30 by Student's paired t test. 


discs, vascular occlusive disease, and neo- 
vascularization, were excluded. 

We studied patients with a limited dif- 
ference in intraocular pressure between 
eyes to better evaluate the role of cilioreti- 
nal arteries in optic nerve damage. We 
excluded patients in whom there was a 
difference in intraocular pressure greater 
than 3 mm Hg between their eyes at their 
first visit to the glaucoma clinic or at their 
initial presentation, when this information 
was available from the referring physi- 
cian. Also, intraocular pressure readings 
from three initial consecutive visits were 
analyzed, and patients with an average 
difference between eyes exceeding 3 mm 
Hg were excluded. Of the 23 patients with 
unilateral cilioretinal arteries, 16 were not 
receiving medication at presentation. Sev- 
en patients were receiving medications of 
equal strength in each eye. The same crite- 
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ria for exclusion were used for patients 
receiving medical treatment. 

Vertical, horizontal, and overall cup-disc 
ratios were established from a masked 
evaluation by one of us (G.L.S.) of stereo- 
scopic disc photographs reviewed on two 
separate occasions to evaluate interread- 
ing reliability. The overall cup-disc ratios 
of three optic nerves were interpreted as 
having a difference of 0.05 between the two 
readings. These nerves were examined a 
third time and assigned an appropriate 
cup-disc ratio. It was not possible to mask 
which eyes had cilioretinal arteries. Eyes 
were evaluated randomly rather than in 
pairs to help eliminate bias. The overall 
cup-disc ratio estimate was used in the 
final data analysis. 

A difference in size of a glaucomatous 
scotoma between eyes greater than 3° on 
Goldmann visual field testing was consid- 


Table 3. — Status of Visual Field 
in 2t Patients With Bilateral 


~ Open Angle Glaucoma and 
“Unilateral Cilioretinal Arteries 


No. (%) 
of Patients 
6 (28.6) 


Visual Field Status 


No difference between 
eyes 

More field loss in eye with 
cilioretinal artery 

Less field loss in eye with 
cilioretinal artery 


8 (38.1) 


7 (33.3) 


ered significant. Therefore, a difference in 
the size of a nasal step or a nerve fiber 
bundle defect had to be greater than 3° 
before it was considered significant. In 
patients with scotomata of equal size, the 
presence of a deeper or absolute defect 
within a larger defect was used to deter- 
mine which visual field was worse. Evalua- 
tion of the visual field was carried out in a 
masked fashion so that the evaluator 
(K.A.L.) did not know which eye had the 
cilioretinal artery. 


RESULTS 


Of the 122 patients with bilateral 
primary open angle glaucoma who 
were studied, six (4.9% ) had bilateral 
cilioretinal arteries and 23 (18.9%) 
had unilateral cilioretinal arteries. 
The bilateral cases were not studied 
further. Of the 23 cases of unilateral 
cilioretinal arteries, 11 (47.8%) were 
in the right eye and 12 (52.2% ) were in 
the left eye. Nineteen eyes had one 
cilioretinal artery, three had two 
arteries, and one had three arteries. 
Of the 28 cilioretinal arteries, 12 
(42.9% ) were located superotemporal- 
ly, five (17.9%) inferotemporally, ten 
(35.7%) temporally, and one (3.6%) 
superonasally. Of the 23 patients with 
unilateral cilioretinal arteries, two 
were excluded beeause of differences 
in intraocular pressure between eyes 
greater than 3 mm Hg. This left a 
total of 21 patients for study. Eleven 
patients were men and ten were 
women. The mean age was 63.4 + 12.9 
years, with a range of 30 to 81 years. 
Three of the 21 patients had multiple 
cilioretinal arteries. 





When Student’s paired t test was . 


used, there was no significant differ- 
ence (P = .47) in intraocular pressure 
between eyes with or without cilioret- 
inal arteries (Table 1). Evaluation of 
the overall cup-disc ratio did not show 
any significant difference between 
eyes with or without cilioretinal 
arteries, with a mean difference of. 
0.03 (P =.30) (Table 2). Goldmann 
visual fields of the eyes with cilioreti- 
nal arteries were compared with 
Goldmann visual fields of the contra- 
lateral eyes. Eight patients (38.1%) 
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showed more field loss in the eye with 
zhe cilioretinal artery; seven (33.3% ) 


“Showed mere ‘ield loss in the eye 


+ 


œ radioaetively 


x 


without the cilisretinal artery; and six 
128.6% ) had noedifference in the visual 
fields between yes (Table 3). 


‘COMMENT 


The vasogense theory of glaucoma- 
tous damage suzgests that optic nerve 
changes result from a nutritional 
deficiency secondary to altered blood 
flow to the optie nerve. This reduction 
in blood supply may be due to the 
external pressure exerted by in- 
creased intraoeular pressure and/or 
inherent systemic vascular disease.’ 
Hayre described a well-demarcated 
segmental disaribution of the short 
posterior ciliary arteries to the retro- 
laminar optic nerve and theorized 
that compromise of these end vessels 
could result in the segmental visual 
field defects seen in glaucoma. 

According te the mechanical theory 
of optie nerve damage, elevated intra- 
ocular pressur= causes a compression 
of lamina crivosa fibers leading to 
interruption and damage of nerve 
axons. Quigley and Anderson’ and 
Minckler and colleagues” demon- 
strated that here is blockage of 
labeled proteins in 
axons in the area of the lamina cribo- 
sa when the mtraocular pressure is 
raised by 10 t0 20 mm Hg. Because of 
anatomica! vaciations in the lamella 
of the lamina eibosa, some investiga- 
tors have speealated that the inher- 


1. Lorentzen 55: Incidence of cilioretinal 
arteries_Acta Oph halmol 1970;48:518-523. 

2. Justice J Jr Lehmann RP: Cilioretinal 
arteries.Arch Onlmhalmol 1976;94:1355-1358. 

3. Randall BA: “ilio-retinal or aberrant ves- 
sels. Trans Am @pathalmol Soc 1887;4:511-517. 

4. Wybar KC: Anastemoses between the reti- 
nal and ciliary arseria! circulations. Br J Oph- 


- thalmol 1956;40:65-31. 


5. Maumenee AS: Causes of optic nerve dam- 
age in glaucoma Ophthalmology 1983;90:741- 
752. 

6. Shihab 7M, Beebe WE, Wentlandt T: Possi- 
ble significance of cilioretinal arteries in open- 
angie glaucoma. Oshthalmology 1985;92:880-883. 

7. Drance SM: Medical management of early 


Arch Ophthaimat— Vol 106, Dec 1988 


a ee ee ra ya a A 
; ciei 5 


ently greater suseeptibility to glauco- 
matous damage of nerve fibers in the 
superior and inferior optic nerve may 
be due to less-dense connective tissue 
support in these regions.!!” 

The vasogenic and mechanical theo- 
ries may not be mutually exclusive, 
because it is likely that many complex 
factors lead to glaucomatous damage. 
Shihab and colleagues‘ reported that, 
in patients with primary open angle 
glaucoma, cilioretinal arteries were 
often found in the eyes with worse 
visual field and disc damage when the 
intraocular pressure was the same. In 
an identical study with a similar num- 
ber of patients, we did not find signif- 
icant differences in the optic nerves or 
visual fields in eyes with or without 
cilioretinal arteries. The cilioretinal 
arteries arise from the short posterior 
ciliary circulation, which is the pri- 
mary blood supply to the retrolaminar 
optic nerve. We found no evidence to 
suggest a vascular steal phenomenon 
in eyes with eilioretinal arteries, 
which would lead to greater ischemic 
nerve damage in these eyes. 

The discrepaney between our find- 
ings and those of Shihab et al’ may be 
attributable to sampling variability, 
because both studies used small sam- 
ple sizes. While our study had suffi- 
cient statistical power (over 80%) to 
detect a difference of the magnitude 
(0.14 disc diameters) found by Shihab 
et al, the possibility that there was a 
type I error (finding a difference when 
no true difference exists) in Shihab 
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and colleagues’ study or a type II 
error (finding no difference when a 
true different exists) in our study 
must be considered. These possibili- 
ties can only be evaluated by further 
study involving larger samples. An- 
other consideration is the possibility 
that observer variability contributed 
to the discrepant findings. Interpreta- 
tion of cup-disc raties from stereo- 
scopic disc photographs is subject to 
well-documented interobserver and 
intraobserver variation.’ A reinter- 
pretation of stereoscepic disc photo- 
graphs may resultin a shift of 0.1 disc 
diameters in the average outcome, 
since this is well within the range of 
variability of interpretation. Finally, 
if masking was difficult or ineffective, 
the observer’s knowledge that the disc 
being evaluated came from an eye 
with a cilioretina! artery could influ- 
ence the decision to elassify the cup- 
disc ratio as 0.7 rather than 0.6. 

In summary, in eyes with primary 
open angle glaucoma, we found no 
significant differences in visual field 
or optic nerve damage in eyes with a 
cilioretinal arterycompared with eyes 
without a cilioretinal artery. Because 
this contradicts the results of a previ- 
ous study, additional studies with 
larger sample sizes are necessary to 
further address the significance of 
cilioretinal arteries in the progression 
of primary open angle glaucoma. 
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Local Tolerance and Activity of MK-927, a 


Novel Topical Carbonic Anhydrase Inhibitor 


Erik A. Lippa, MD, PhD; Hans A. von Denffer, MD; 
Hans M. Hofmann, MD; Francoise L. Brunner-Ferber, PhD 


è A three-dose, randomized, double- 
masked, parallel, placebo-controlled ocu- 
lar tolerance study was undertaken in 12 
healthy, normal volunteers with the water- 
soluble, topical carbonic anhydrase inhib- 
itor MK-927. To our knowledge, this con- 
stitutes the first administration of MK-927 
to humans. Ten subjects received three 
drops of 2% MK-927 ophthalmic solution 
and two subjects received three drops of 
placebo (vehicle) in one randomly se- 
lected eye. Local tolerance of 2% MK-927 
was acceptable and supports further clin- 
ical trials in patients. Significant intraocu- 
lar pressure (lIOP)—-lowering activity was 
noted when comparing IOP four hours 
after first dose with that 20 hours predose 
in the treated eye of subjects receiving 
MK-927 (mean percent change in IOP, 
—29.7%; mean change in IOP, —4.6 mm 
Hg) as opposed to the same comparison 
for the contralateral, untreated eye 
(—7.2% and —1.3 mm Hg, respectively). In 
the two subjects treated with placebo, 
10P-lowering activity was not seen in 
either the placebo-treated eye (—0.4%) or 
the contralateral, untreated eye 
(+3.1%). 

(Arch 
1696) 


Ophthalmol 1988;106:1694- 


At present, the medical management 
of patients with elevated intra- 
ocular pressure (IOP) relies predomi- 
nantly on the use of topical agents. 
Most patients are treated with drugs 
from one or more of the following 
classes: B-adrenergic receptor block- 
ers, sympathomimetics, parasympa- 
thomimetics, and anticholinesterase 
inhibitors. However, the characteris- 
tic local and/or systemic side effects 
of each limit their use in specific 
groups of patients. An oral carbonic 
anhydrase inhibitor (CAI) is general- 
ly added to the treatment regimen 
only when topical agents fail to con- 
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trol IOP adequately. Patient compli- 
ance may be poor due to limiting side 
effects such as fatigue, anorexia, gas- 
trointestinal disturbances, paresthe- 
sias, or loss of libido, among others. 

A topical CAI with an efficacy pro- 
file similar to that of oral agents 
would constitute a major advance in 
the medical treatment of glaucoma 
and ocular hypertension. It could well 
represent the treatment of choice if it 
were well tolerated, long acting, and 
devoid of systemic side effects. 

The search for a clinically effective 
topical CAI has received renewed 
interest in the past several years with 
the shift in focus to the development 
of new, potent compounds for topical 
administration with ocular penetra- 
tion far superior to those of marketed 
agents. Recently, 6-amino-2-benzo- 
thiazole sulfonamide in a gel formula- 
tion appeared to show some degree of 
IOP-lowering activity in patients,” 
although it does not cause a sub- 
stantial decrease in aqueous humor 
flow in normal subjects.’? Multiple 
doses of the suspension of another 
agent, 6-hydroxybenzo[b]-thiophene- 
2-sulfonamide, had no significant 
effect on the IOP of normal. volun- 
teers, though IOP-lowering activity 
had been observed in an animal 
model.'* 

A new CAI, MK-927, is 5,6-dihydro- 
4-(2-methylpropy])amino-4H-thieno 
(2,3-b]thiopyran-2-sulfonamide 7,7-di- 
oxide hydrochloride, and is sufficient- 
ly water soluble to enable the phar- 
maceutical formulation of solutions 
appropriate for topical ophthalmic 
administration in concentrations up 
to 2.0%. The formulation used in this 
study was an isotonic, aqueous solu- 
tion containing viscosity enhancers. It 
was buffered at a pH of 5.2 and pre- 
served with benzalkonium chloride. 
Preclinical studies have demonstrated 
activity against human carbonic 
anhydrase isozyme II (concentration 
inhibiting enzymatic activity by 50%, 
13 nmol/L), good ocular tolerance, and 
excellent ocular penetration and IOP- 
lowering activity." In the a-chymo- 
trypsin rabbit model of ocular hyper- 
tension, a single drop of a 0.5% MK- 
927 solution induced a peak mean low- 


ering of IOP of 6.5 mm Hg at two 
hours after dose. In the model of 
laser-induced glaucoma in cynomol- 
gus monkeys, a single dose of 2% 
MK-927 caused a peak mean decrease 


from baseline of 11.7 mm Hg at three - 


hours after dose.” 

The principal purpose of this inves- 
tigation was to assess the safety and 
ocular tolerability of MK-927 ophthal- 
mic solution after both single- and 
three-dose administration. A second- 
ary objective was to gather some pre- 
liminary data on its JOP-lowering 
activity. 


SUBJECTS AND METHODS 
Subject Selection and Entry 


Healthy, normal male volunteers were 
selected on the basis of a medical history 
and ocular examination one day before 
treatment. Written informed consent was 
required before inclusion in the study. The 
ophthalmologic examination included 
symptom assessment, best corrected Snel- 
len visual acuity, external and anterior 
segment examination, and measurement of 
IOP (Goldmann applanation tonometer) 
precisely 20 hours pretreatment, followed 
by dilatation and ophthalmoscopy. Sub- 
jects were excluded for visual acuity less 
than 0.6 (c 20/30), recent ocular symptoms, 
infection, or inflammation, or use of topi- 
cal ophthalmic agents or contact lenses. 
Intraocular surgery, significant ocular 
trauma, or dry-eye syndrome and abnor- 
mal corneal sensation (cotton wisp) were 
other exclusions. The patient’s IOP had to 
be normal (<21 mm Hg) and symmetric 
(difference between eyes, <4 mm Hg). 


Study Design 


Local tolerance of MK-927 ophthalmic 
solution was evaluated in a three-dose, 
double-masked, randomized, parallel, pla- 
cebo-controlled study. The study began, 


with the investigation of 2% MK-927 oph- - 


thalmic solution. If the 2% concentration 
was found to be poorly tolerated (according 
to the specific criteria enumerated below), 
then the option to investigate the 1% and 
0.5% solutions was available. This decision 
could be made without unmasking the 
study. 


4 


To assess single-dose tolerability, 12 i 


subjects were entered into the study and ` 
received either one drop of 2% MK-927 


(n = 10) or placebo (vehicle; n = 2) in one 


randomly selected eye The subjects were ° 


then questioned arfd examined immediate- 
ly before and after administration and at 5, 
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10, 30, and 5@ minutes after dose. If intol- 
erance (as defined below) was not noted, a 
Aecond drop was instilled in the same eye 
at 60 minutes (60 minutes following 
administration of the first drop) and an 
examination«one at 61, 64, and 68 minutes. 
If still tolerated, a third drop was adminis- 
tered at 70 minutes and the subject was 
examined at 71, 75, 80, 100, 130, 160, 200, 
and 240 minutes after administration of 
the first drop. The last examination con- 
cluded with the measurement of IOP fol- 
lowed by dilatation and ophthalmoscopy. 
This IOP measurement occurred four 
hours after the initial drop was given and 
precisely 24 hours after the prestudy mea- 
surement. Intrastudy examinations in- 
cluded symptoms, visual acuity, and exter- 
nal and anterior segment examinations. 
Using the definitions given in the follow- 
ing section, if at any point either (1) there 
were two or more subjects with grade 2 
intolerance, or (2) within any group of five 
consecutive subjects, there were three or 
more subjects with grade 1 intolerance, 
then the test drug was to be designated as 
“not tolerated’ and subsequent subjects 
were to receive 1% MK-927 and placebo, 
replicating thesabove procedure and start- 
ing the count af intolerant subjects anew. 
If test drug was again designated as not 
tolerated, then 0.5% MK-927 vs placebo 
would be investigated in subsequent sub- 
jects. 


Definition of Subject Intolerance 


A subject was to be designated as intol- 
erant if he displayed either grade 1 or 
grade 2 intolerance, which were defined as 
follows. 

Grade 1 Intelerance.—This included the 
presence of one or more of the following 
with no other symptom or sign of greater 
intensity or duration. 

Symptoms. —Symptoms included moder- 
ate photophobia, burning, stinging, tear- 
ing, foreign-bedy sensation, or eye/eyelid 
pain or discomfort that continued as mod- 
erate for greater than four minutes but 
less than ten minutes. 

Signs.—Sigrs included mild erythema, 
edema, or exudate of the lids; mild hyper- 
emia of thexconjunctiva lasting 30 minutes 
or less; and merethan two but less than 12 
punctate epithelial erosions of the cornea 
that stain with fluorescein. 

Grade 2 Intelerance.—This included any 
severe symptom or any symptom or sign 
present with an intensity or duration in 
excess of that listed under grade 1 intoler- 

eance. Signs net appearing above, such as 
' chemosis, were to be considered grade 2 if 
present. 


Statistical Methods 


The primary objective of this investiga- 
tion was te assess the safety and ocular 
tolerance of _MK-927 ophthalmic solution 
after single- and three-dose administra- 
tion. To aveid interfering with the evalua- 
. tien of local tolerance, IOP was not mea- 

sured until/2.@hours after the last dose of 
_drug. In orde? that JOP data obtained 

might have seme rélevance to pharmaco- 
logic activity, the prestudy and the four- 
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Table 2.—IOP Data* 


2% MK-927 (n = 10) 
reer rer 
Treated 


Eye 
20 h before 
first dose 


4 h after 
first dose 


Mean IOP, mm Hg 


Mean IOP, mm Hg 


Mean change in 
IOP, mm Hg 


Mean % change in 
IOP 


—29.7 


Placebo (n = 2) 
re ON 


Untreated Treated Untreated 
Eye Eye Eye 


15.6 + 3.4 15D + 1.4 


150 +2.8 





*IOP indicates intraocular pressure. Values are mean + SD. 


tSignificantly different from prestudy, P < .01. 


21 


19 


Intraocular Pressure, mm Hg 


20 Hours Before 
the First Dose 


MK-927-Treated Eye 


4 Hours After 
the First Dose 


= 
is 


20 Hours Before 4 Hours After 
the First Dose the First Dose 


Untreated Eye 


Individual intraocular pressure data for ten subjects treated with MK-927 in one eye. 


hour postdose measurement times were set 
precisely 24 hours apart. The IOPs in both 
treated and untreated eyes were compared 
with their prestudy values as well as with 
one another using a paired two-tailed t 
test. 


RESULTS 


Twelve men entered the study and 
received three drops of either 2% MK- 
927 ophthalmic solution (n=10; mean 
age, 28 years; age range, 19 to 38 
years) or placebo (n=2; ages, 28 and 29 


years). As no subject was intolerant of 
the study drug, the 1% and 0.5% 
solutions were not investigated. 


Local Tolerance 


MK-927.—Local tolerance of 2% 
MK-927 was fair, with all subjects 
experiencing transient mild to moder- 
ate burning or stinging. There was no 
consistent trend in either symptom or 
sign intensity or duration from dose 1 
through dose 3 fer any given subject. 
Subjective symptoms reported by the 
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volunteers after the first dose (grad- 
ing scale: mild, moderate, severe) are 
given in Table 1. Except for transient 
and very mild hyperemia observed in 
seven subjects, external and anterior 
segment examinations were unre- 
markable. In particular, no corneal 
changes were noted for any subject. 
Five subjects noted a transient bitter 
taste occurring up to seven minutes 
following administration, thought to 
be secondary to nasolacrimal drain- 
age of the instilled solution. 

Placebo.— Local tolerance of placebo 
was good, with one subject reporting 
mild burning (20 to 30 s), mild sting- 
ing (20 s), and mild blurred vision (30 
s) on instillation; the other subject 
reported no symptoms. 


IOP 


The time of measurement of pre- 
study IOP was between 5 and 5:35 PM 
for all but one subject and at 2:30 PM 
for one subject (MK-927 group; mean 
time, 4:48 pm; SD, 42 minutes). The 
time of measurement of postdrug IOP 
ranged from 24.0 to 24.6 hours (mean 
+ SD, 24.1 + 0.19 hours) after the 
subjects’ corresponding prestudy 
measurement of IOP and occurred 
between four and 4.25 hours after the 
first dose of study drug. (In all cases, 
the second and third doses followed 
the first dose by 60 and 70 minutes, 
respectively.) 

The IOP data are summarized in 
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Table 2 and reveal a mean percent 
change in IOP of —29.7% in the MK- 
927-treated eyes comparing IOP four 
hours after first dose with that 20 
hours before first dose (mean change, 
—4.6 mm Hg). Data for individual 
subjects are displayed in the Figure. 


COMMENT 


Attempts at producing a potent, 
clinically effective CAI have previous- 
ly been unsuccessful. For potent com- 
pounds, this was most likely due to 
ocular penetration in humans that 
was insufficient to achieve the neces- 
sary 99% or greater inhibition of car- 
bonic anhydrase isozyme II in the 
ciliary processes. This level of inhibi- 
tion is required to cause a substantial 
decrease in aqueous humor produc- 
tion." The present compound, MK- 
927, was specifically designed and 
developed to be water soluble and 
have good ocular penetration in addi- 
tion to excellent potency. The present 
study design was devised to optimize 
meaningful IOP data obtainable with- 
in the framework of the initial toler- 
ance study of MK-927 in humans. In 
this trial, MK-927 has shown accept- 
able local tolerance, though all volun- 
teers did experience some degree of 
transient burning or stinging and half 
of the subjects noted a transient bit- 
ter taste. In addition, a substantial 
degree of JOP-lowering activity 
(-—29.7%) has been demonstrated 
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after topical administration to 
healthy volunteers. 

This investigation indicates that_a 
topical CAI may well be able to induce 
a decrease in IOP similar to that 
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required would be 1% or less that of a 
systemic CAI, it would be anticipated 
to be relatively free of systemic side 
effects. One would expect a topical 
CAI to be additive with 6-blockers (as 
are the oral CAIs). Moreover, an 
agent that is not directly vasoactive 
might have greater additivity with 
adrenergic agonists than that seen 
with 8-blockers. 

On the basis of this study, the fur- 
ther evaluation of MK-927 in patients 
with elevated IOP appeared warran- 
ted and these investigations are cur- 
rently in progress. Two such studies 
have recently confirmed a similar 
degree of activity of MK-927 in 
patients (peak mean percent change, 
—33.1% and —26.7%).3% It is also 
encouraging that a study in glaucoma- 
tous monkeys suggests that the effect 
on IOP increases after multiple-dose 
administration, although this has not 
yet been demonstrated in humans.” 
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Accuracy and Precision of the Tono-Pen in Measuring 


Intraocular Pressure After Keratoplasty and 


Epikeratophakia and in Scarred Corneas 


David S. Reotman, MD; Michael S. Insler, MD; Hilary W. Thompson, PhD; Joseph Parelman, MD; 
Domald Poland, MD; Steven R. Unterman, MD 


@ intraocular pressure measurements 
with the Geldmann and Schiotz tonome- 
ters are unrefiable when the cornea is 
irregular dee ‘o disease or surgery. The 
Tono-Pen (Oculab, Glendale, Calif) is an 
electronic applanation tonometer based 
on the same principle as the MacKay-Marg 
tonometer. We measured intraocular 
pressure in 37 eyes with irregular corne- 
as, in 50 eyes that had recently under- 
gone penetrating keratoplasty, in 16 eyes 
that had undergone epikeratophakia, and 
in 12 eyes with normal corneas with both 
the MacKay-Marg and Tono-Pen tonome- 
ters. The same two instruments were 
used, and the sequence of measurement 
was randomized. Analysis of variance 
demonstrated no significant difference 
between measurements obtained with the 
two tonometers in any of the groups. The 
data suggest that the Tono-Pen is as 
accurate as the MacKay-Marg tonometer 
in those situations where the Goldmann 
tonometer is imaccurate. 


(Arch Ophthalmol 1988;106:1697- 
1700) 
everal methods of measuring 


intraocular pressure (IOP) are 
accurate in healthy eyes with a nor- 
mal corneal surface. These include the 
Schietz indentation tonometer, the 
Goldmann applanation tonometer, 
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the McKay-Marg tonometer, and the 
noncontact and contact pneumoto- 
nometers,'* all of which have some 
limitations. Only the MacKay-Marg 
tonometer accurately measures IOP 
in corneas that are irregular due to 
scarring, edema, or surgery." How- 
ever, the MacKay-Marg tonometer is 
no longer in production and is, there- 
fore, available only in a few specialty 
centers. Unavailability of this partic- 
ular instrument limits the ability of 
the ophthalmologist to assess IOP 
accurately in these types of eyes and, 
in particular, to monitor IOP after 
corneal transplantation. This latter 
problem is critical because an 
untreated postoperative pressure ele- 
vation can lead to damage to the optic 
nerve, increased endothelial cell loss, 
and failure of the graft. 

The Tono-Pen (Oculab, Glendale, 
Calif) is a small, hand-held tonometer 
that operates on the same principle as 
the MacKay-Marg tonometer (Berke- 
ley Bioengineering Inc, Berkeley, 
Calif). It has self-contained electron- 
ics and produces a readout on a liquid 
crystal display. The instrument 
records multiple measurements and 
displays the average, with a confi- 
dence level. The end point is not open 
to interpretation as it is with the 
Goldmann tonometer, which employs 
a visual end point. The Tono-Pen has 
been validated in human studies to be 
an acceptable measuring device in 
eyes with corneas that are normal 
enough to be measured with the Gold- 
mann applanation tonometer.”'' How- 
ever, the reliability of the Tono-Pen in 
pathologic corneas has yet to be 
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proved. If it is accurate in irregular 
corneas, the Tono-Pen would be an 
invaluable tool to assess IOP in post- 
keratoplasty and scarred corneas. 

The purpose of this study was to 
determine the accuracy and precision 
of the Tono-Pen m measuring IOP in 
those eyes in which IOP measure- 
ments obtained by ether means are 
inaccurate because of an irregular 
corneal surface. To this end, Tono-Pen 
IOP values were eompared with Mac- 
Kay-Marg tonometer IOP values in 
patients who had undergone penetrat- 
ing keratoplasty or epikeratophakia, 
and in patients with corneal disease, 
such as corneal edema or scarring, 
which precluded the use of the Gold- 
mann tonometer. 


PATIENTS AND METHODS 


Patients were selected from the Cornea 
Service and Glaucoma Service of the LSU 
Eye Center, New Orleans. Verbal consent 
for participation was obtained from each 
patient. Intraocular pressure was mea- 
sured successfully by both instruments in a 
total of 115 eyes. Thirty-seven eyes had 
irregular corneas that precluded accurate 
measurement with the Goldmann tonome- 
ter: 19 had corneal edema, 11 had scarring, 
five had undergone cenjunctival flap or 
lamellar keratoplasty, and two had band 
keratopathy. Fifty eyes had undergone 
penetrating keratoplasty and had irregu- 
lar corneas due to suture tension (average 
number of days after surgery, 56; range, 
one to 137 days). Sixteen eyes had under- 
gone epikeratophakia (average number of 
days after surgery, 248; range, six to 1825 
days). Twelve eyes with regular corneas 
were used as controls. 

The data were collected by five different 
individuals (D.S.R., RBP. JP; S.R.U., 
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and Stuart F. Ball, MD, LSU Eye Center). 
Intraocular pressure was measured in all 
eyes with a single MacKay-Marg tonome- 
ter and a single Tono-Pen tonometer, 
according to the manufacturer’s instruc- 
tions. The order of usage of the instru- 
ments was randomized. Both tonometers 
were calibrated according to the manufac- 
turer’s instructions at least once a day 
during the study. 

To measure IOP, the patient was seated 
upright in a chair, and a drop of 0.5% 
proparacaine hydrochloride (Akorn Phar- 
maceuticals, Metairie, La) was instilled 
into the conjunctival fornix. A disposable 
latex shield (Ocufilm, Oculab, Glendale, 
Calif) was pulled over the tip of the Tono- 
Pen or MacKay-Marg transducer. Two 
Tono-Pen measurements were obtained in 
succession, and the values, along with the 
confidence limits, were recorded without 
knowledge of MacKay-Marg values ob- 
tained. Measurements were taken until 
two measurements with confidence limits 
of at least 10% or less were obtained 
according to the manufacturer’s recom- 
mendations. Almost all readings obtained 
had a confidence limit of 5%. MacKay- 
Marg measurements were similarly taken, 
and the readout paper tapes were labeled 
and stored for later evaluation. 

The Tono-Pen displays a numeric value 
that is not open to interpretation and 
observer bias. Therefore, the observer was 
not masked as to the value obtained by the 
Tono-Pen. Because reading the MacKay- 
Marg tapes requires some subjective judg- 
ment, they were not interpreted by the 
data collector at the time of measurement. 
The tapes were labeled at the time of data 
collection. Several weeks later, all the 
tapes were read by two of us (D.S.R. and 
J.P.) independently and without knowledge 
of the values obtained with the Tono-Pen. 
In this way, the data collection with the 
Tono-Pen was separated in time from the 
assignment of the IOP values obtained 
with the MacKay-Marg tonometer. Al- 
though the study was not done in a com- 
pletely masked fashion, potential bias was 
reduced by this interval. An analysis of 
variance was performed on the data using 
procedures and programs from the Statis- 
tical Analysis System.” 


RESULTS 


The results obtained with each 
instrument are summarized in the 
Table. There was no significant differ- 
ence between the measurements 
obtained with the MacKay-Marg 
tonometer and the measurements 
obtained with the Tono-Pen in any of 
the groups. Figures 1 through 3 are 
scatterplots demonstrating the re- 
sults of the study. Comparison of the 
mean IOP for each group without 
regard to the tonometer used demon- 
strated that the group with irregular 
corneas had a significantly higher 
mean IOP than any of the other three 
groups (P = .001). 

The data were further analyzed 
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Intraocular Pressures (IOPs) Obtained With the MacKay-Marg and Tono-Pen Tonometers 


Group No. of amuse 
Irregular corneas 

Penetrating keratoplasty 

Epikeratophakia 


Normal corneas 


with regard to IOP ranges of 10 to 20, 
20 to 30, 30 to 40, and greater than 40 
mm Hg. There was no significant dif- 
ference between readings obtained 
with the MacKay-Marg and Tono-Pen 
tonometers at any of the IOP inter- 
vals below 40 mm Hg (P = .49). In the 
five eyes with IOP above 40 mm Hg, 
the Tono-Pen readings were signifi- 
cantly higher than the MacKay-Marg 
readings (P = .01). 

There were no significant differ- 
ences between values obtained with 
the MacKay-Marg or Tono-Pen as 
measured by the five operators 
(P > .05). Also, there was no siginfi- 
cant difference between the MacKay- 
Marg values obtained by the two 
observers who interpreted the strips 
(P = .37). Finally, there was no signif- 


-icant difference in the values obtained 


by the two tonometers when the effect 
of the order of the instruments was 
examined (ie, Tono-Pen or MacKay- 
Marg first) (P > .05). 

Considering an IOP greater than 21 
mm Hg obtained with the MacKay- 
Marg tonometer as abnormal, the 
Tono-Pen produced six of 69 false- 
negative results, giving a specificity of 
91%, and three of 46 false-positive 
results, giving a sensitivity of 93%. 


COMMENT 


This is the first clinical study to 
examine the accuracy of the Tono-Pen 
in eyes with irregular corneas due to 
disease processes or surgical interven- 
tion. The Tono-Pen was compared 
with a MacKay-Marg electronic 
tonometer, which has been proved to 
measure IOP accurately in these types 
of eyes, in which other devices such as 
the Schiotz and Goldmann tonometers 
are inaccurate and misleading.'** The 
advantages of the Tono-Pen over the 
MacKay-Marg tonometer are that the 
Tono-Pen is commercially available, is 
lightweight and portable with no cord 
or large box, is easy to use with mini- 
mal practice, and applanates a small- 
er area, compared with the MacKay- 
Marg tonometer. 

In clinical studies involving instru- 
ments that require interpretation of a 
visual end point, it is desirable to have 
the data collector masked as to the 





Mean IOP + SEM, mm Hg 
————— EL aa... =-=«, 
MacKay-Marg Tono-Pen 
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result of the IOP reading obtained to 
avoid observer bias. This is true for 
the Goldmann tonometer, which 
relies on the accurate alignment of 
two half circles. This is also true for 
the MacKay-Marg tonometer, which 
requires measurement of a tracing on 
a paper strip. To reduce observer bias 
in this study, no attempt was made to 
assign a value to the MacKay-Marg 
readings at the time of data acquisi- 
tion; these values were determined 
several weeks later by two of us, inde- 
pendently. In contrast, the Tono-Pen 
has a digital liquid crystal display, 
and the observer need only record the 
first two readings obtained with a 
confidence level less than 10%. For 
this reason, we believed it unneces- 
sary to mask the Tono-Pen results 
because the end point obtained with 
the Tono-Pen is not open to interpre- 
tation and, therefore, eliminates prob- 
lems of observer bias. 

The results of our study suggest 
that the Tono-Pen is as accurate as 
the MacKay-Marg tonometer in mea- 
suring IOP in scarred and irregular 
corneas. This finding was not unex- 
pected because both devices are based 
on the same operating principles. 
There were no significant differences 
in readings across a range of IOPs 
from 10 to 40 mm Hg. The Tono-Pen 
tended to produce values higher than 
those obtained by the MacKay-Marg 
tonometer in eyes with higher IOPs 
(>40 mm Hg), although the difference 
may not prove to be significant if the 
measurements are made in a larger 
cohort of patients with high IOP. The 
Tono-Pen demonstrated a sensitivity 
of 93% in determining abnormal IOPs 
greater than 21 mm Hg, with a speci- e 
ficity of 91%. In a comparative study 
of tonometers utilizing a wide range 
of IOPs in eye bank eyes, the Tono- 
Pen displayed the least deviation from 
actual IOPs." 

We found no difference in fesults 
with different operators of the instru- 
ment; in other words, in the hands of 
five different operators,- accurate 
readings were obtained wfth the same 
instrument. ° 

It is interesting to note that the 
mean IOP was significântly higher in 
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Fig 1.—Scatterplot demonstrating intraocular 
pressure (IOP) measurements performed with 
both tonometers on same eyes with irregular 
corneas due to edema, scarring, vasculariza- 
tion, and band keratopathy. Dotted line indi- 
cates ideal (MacKay-Marg reading equal to 
Tono-Pen reading); solid line, first-order 
regression curve. 


Fig 2.—Scatterplot demonstrating intraocular 
pressure (IOP) measurements performed with 
both tonometers on same eyes after penetrat- 
ing keratoplasty (mean number of days after 
surgery, 56). Dotted line indicates ideal (Mac- 
Kay-Marg reading equa’ to Tono-Pen reading); 
solid line, first-order rearession curve. 


Fig 3.—Scatterplot demonstrating intraocular 
pressure (IOP) measurements performed with 
both tonometers on same eyes after epikera- 
tophakia (mean number of days after surgery, 
79). Dotted line indicates ideal (MacKay-Marg 
reading equal to Tono-Pen reading); solid line, 
first-order regression curve 
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the patients with corneas that were 
irregular as a result of corneal edema, 
scarring, band keratopathy, or vascu- 
larization. This finding emphasizes 
the fact that it is precisely those eyes 
in which measuring IOP is most diffi- 
cult that require close monitoring, 
because corneal opacity precludes an 
accurate assessment of the optic nerve 
head and an accurate visual field 
examination to follow up the glauco- 
matous process. Thus, an instrument 
that can measure IOP accurately in 
such eyes is essential. 

Because of the limited availability 
of the MacKay-Marg tonometer, 
many surgeons performing penetrat- 
ing keratoplasty and epikeratophakia 
have been unable to monitor IOP in 
the early postoperative period, a time 
when accurate assessment of the IOP 
can determine the success or failure of 
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the procedure. In this context, the 
Tono-Pen is particularly useful in 
that it is portable and can be carried 
between the hospital and the office. 
Additionally, the disposable latex tips 
that are used in conjunction with the 
device maintain sterility, which is 
especially important in eyes that have 
recently undergone surgery. 

During the course of this study, we 
encountered one patient with a thick- 
ly vascularized cornea after an alkali 
burn, in which Tono-Pen readings 
were not possible. Three patients had 
MacKay-Marg strips that were not 
interpretable. This suggests that the 
Tono-Pen may be functional in a larg- 
er range of ocular disorders than the 
MacKay-Marg tonometer. These pa- 
tients were not included in the 
study. 

In conclusion, the Tono-Pen is a 
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portable, easy-to-operate device. It is 
as accurate as the MacKay-Marg elec- 
tronic tonometer in monitoring IOP in 
those eyes in which a Goldmann or 
Schiotz tonometer is not useful. It 
may prove to be a useful device to add 
to the armamentarium of ophthalmol- 
ogists dealing with patients with 
irregular corneas. 
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Clinicopathologic Report 


Malignant Glioma of the Optic Chiasm 
Eight Years After Radiotherapy for Prolactinoma 


Thierry J. Hutnagel, MD; Jung H. Kim, MD; Robert Lesser, MD; Joseph M. Miller, MD; 
James J. Abrahams, MD; Joseph Piepmeier, MD; Elias E. Manuelidis, MD 


@ A 41-year-old man had rapidly pro- 
cressive visual loss caused by a malig- 
nant glioma tnat developed in the optic 
chiasm eight years after radiation therapy 
for a recurrent prolactinoma. Radiation- 
induced gliama should be considered as a 
cause of progressive visual loss in 
patients who nave received irradiation in 
the region ef ‘he sella turcica. 

(Arch @pnthalmol 1988;106:1701- 
1705) 


rogressive visual loss occurring 

after treatment of pituitary adeno- 
ma medically, surgically, and/or with 
radiation therapy often implies tumor 
recurrence. We present an exceptional 
case of pregressive visual loss from a 
suprasellar anaplastic astrocytoma 
that developed eight years after 
radiotherapy for a prolactinoma. In 
the past, reports of radiation-induced 
neoplasms were confined to sarco- 
mas’? and meningiomas.’ However, in 
the 1980s several reports*® have impli- 
cated erania: irradiation in the gene- 
sis of glial tumors. To our knowledge, 
this is the first case of glioma of the 
eptic chiasm that fulfills published 
criteria for radiation oncogenesis. 
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REPORT OF A CASE 


In October 1987, a 41-year-old right- 
handed man sought medical attention for 
progressive visual loss. He was first exam- 
ined in 1975 for headaches and a right 
sixth-nerve palsy. A pituitary adenoma 
was found and was subtotally resected by 
subfrontal approach. Review of the opera- 
tive note found no mention of any gross 
abnormalities of the optic chiasm, at the 
time of this first surgery. Postoperatively 
he was treated with cortisone acetate and 
testosterone without radiation therapy. 
His visual fields and findings from eye 
examination were unremarkable. 

In July 1979, he noted blurred vision in 
the left eye with a right-sided occipital 
headache. Evaluation revealed a visual 
acuity of 20/15 OD and 20/50 OS. He had 
an afferent pupillary defect and dimin- 
ished color vision in the left eye. Visual 
fields showed a bitemporal defect, with the 
left eye being worse than the right eye. 

A computed tomographic (CT) scan dem- 
onstrated recurrence of tumor with lateral 
and suprasellar extension. On Oct 16, 1979, 
the patient underwent transsphenoidal 
resection of the lesion. A preoperative 
serum prolactin level was 2300 ug/L. Post- 
operatively, his visual fields were un- 
changed but the serum prolactin level 
decreased to 800 ug/L. Two weeks after 
surgery, the patient received a total of 55 
Gy of 4.6 meV of radiation therapy to the 
pituitary fossa over a 38-day period. Subse- 
quently, the serum prolactin level de- 
creased to 300 ug/L. 

In 1981, the patient was started on a 
regimen of bromocriptine, 5 mg/d. The 
serum prolactin level remained in the 
range of 4 to 13 ug/L. His vision and visual 
fields remained stable. It was elected to 
stop the bromocriptine therapy in March 
1987 when his prolactin level was 17 ug/L. 
In May 1987, he moted further decreased 
vision in the left eye and his prolactin level 
had risen to 51 ug/L. Bromocriptine thera- 
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py was restarted with no improvement in 
vision. 

In August 1987, his visual acuity was 
20/25 OD and counting fingers at 5 ft OS. 
He had an afferent pupillary defect; eye 
movements were unremarkable. Goldmann 
fields (Fig 1) showed a bitemporal defect, 
with the left eye being worse than right 
eye. Both discs showed temporal pallor. In 
August 1987, however, no tumor recur- 
rence or definite suprasellar abnormality 
could be identified by CT scanning. 

The patient was maintained on a regi- 
men of bromocriptine and returned in 
October 1987 with abrupt onset of 
decreased vision in both eyes. Visual acuity 
was 20/80 OD and no light perception in 
the left eye. Goldmann fields revealed a 
superior nasal island of vision in the right 
eye (Fig 2). Both discs showed temporal 
pallor. Computed temegraphic and mag- 
netic resonance imaging (MRI) studies 
demonstrated a suprasellar mass (Figs 3 
through 5) from which a biopsy specimen 
was taken through a _ transsphenoidal 
approach. Pathologic examination re- 
vealed an anaplastic astrocytoma. The 
patient died in January 1988. No autopsy 
was performed. 

Review of the initial and recurrent pitu- 
itary tumors disclosed sheets of uniform, 
round to oval cells with a moderate 
amount of indistinct amphophilic cyto- 
plasm, typical of pituitary adenoma. Sub- 
sequent immunohistochemistry studies 
showed discrete prolactin labeling of 
tumor cells. The biopsy specimen of the 
1987 suprasellar mass consisted of approx- 
imately 3 mL of gray-white, focally gelati- 
nous, soft material. The histopathologic 
specimen featured patternless spread of 
hyperchromatic elongated glial cells with 
indistinct cytoplasm (Fig 6). These neo- 
plastic fibrillary astrocytes were em- 
bedded in a myxoid background disclosing 
accentuated blood vessels. Focally, marked 
anaplasia and numereus mitoses were 
noted. No necrosis was seen, and endotheli- 
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Fig 1.—Goldmann visual fields obtained in August 1987 demonstrate dense paracentral scotoma in left eye, and a 
bitemporal defect, left greater than right. 
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Fig 2.—Goldmann visual fields obtained in October 1987 demonstrate superior nasal island of 
field in right eye. There was no light perception with left eye. 


al cell proliferation was not striking on the 
material examined. Strong immunostain- 
ing for glial fibrillary acidic protein was 
observed within the better-differentiated 
astrocytic component of the tumor. 


COMMENT 


The causes of visual loss after treat- 
ment for pituitary adenoma include 
tumor recurrence, radiation retinopa- 
thy, radiation optic neuropathy, pitu- 
itary apoplexy, trauma, vascular dis- 
ease, and, rarely, prolapse of the 
chiasm into the empty sella, arach- 
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noiditis, infection, or development of a 
second problem unrelated to the pri- 
mary tumor or to its treatment.!*? 
In our patient, no strong clinical 
evidence existed for recurrence of the’ 
prolactin-secreting tumor, because 
the prolactin level was not notably 
elevated and because no improvement 
was noted after treatment with bro- 
mocriptine. In most prolactin-secret- 
ing tumors, the response to bromo- 
criptine is rapid and effective, with 
visual improvement occurring within 


a short period.'*'* Visual loss related 
to radiation damage to the anterior 
optic pathways following therapy of 
suprasellar neoplasms is rare and fre- 
quently occurs about 12 months after 
treatment, as opposed to our patient 
who had been treated eight years pre- 
viously. Harris and Levene” reported 
the cases of five patients with visual 
loss secondary to sellar radiotherapy 
in a series of 55 patients. The time to 
occurrence of visual disturbances 
ranged from five to 34 months after 
therapy. However, late-delayed com- 
plications have been described by 
Hashimoto et al” up to ten years after 
radiotherapy; these complications in- 
cluded diffuse cerebral ischemia, 
necrosis, or both, without predomi- 
nant involvement of optic pathways. 
Clinically, our patient had no evidence 
to suggest pituitary apoplexy. The 
findings on his CT and MRI studies 
demonstrated an infiltrative lesion 
that did not distort the third ventri- 
cle. Cerebrospinal fluid was noted 
between the lesion and the sella con- 
tents. These findings were most atypi- 


and suggested the diagnosis of glioma. 
The definitive diagnosis of malignant 
glioma was established following sur- 
gical intervention and evaluation of 
the biopsy material. ‘ 
Malignant gliomas of the anterior 
optic pathways are, in adults, distinct- 
ly rare tumors, for which Hoyt and 
associates” provided thé-first clinico- 
pathologic evaluation. They defined 
the syndrome of malignant glioma of 
adulthood as a highly aggressive 
tumor of middle-aged man, rapidly 
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Fig 3.—Ceranal computed tomographic scan of sella (contrast 
enhanced). Mete black cerebrospinal fluid between tumor that encom- 
passes optic chiasm (small white arrows) and sella contents below. 
Note also carotid artery (bold white arrow), cavernous sinus (black 
arrow), anterior clinoid (long white arrow), and third ventricle (open 
arrow). 


Fig 4.—Tep. Coronal magnetic resonance imaging (MRI) (proton 
density). Note high-signal intensity of lesion (small arrows) that splays 
supraclinoid (bold arrow) and cavernous (long arrow) portions of left 
carotid artery. Again, low-signal intensity cerebrospinal fluid is noted 
below lesiom Curved arrow indicates third ventricle. Bottom, Coronal 
MRI (T,-weichted) at similar location to Fig 4, top. Note third ventricle 
(curved arrow), lesion (small arrows), internal carotid artery (bold 
arrow), Cavernous carotid artery (long arrow), and supraclinoid carotid 


artery (open arrow) 


fatal, characterized by initial monocu- 
lar visual Joss and retrobulbar pain, 
progressing in a matter of weeks to 
total blindness. They stressed the 
similarity of the initial symptoms to 
that of optic neuritis. Subsequent 
reports?!’ have expanded the initial 
concepts of Hoyt et al, and malignant 
optic gliemas should be considered in 
the differential diagnosis of rapid- 
onset blindness in adults of either sex. 
In our patent, the clinical picture was 
complicated by the history of recur- 
rent prolaetinomas. Yet, the subacute 
thonocular toss progressing in the 
course of three months to marked 
bilateral visual impairment asso- 
ciated with radiologic infiltration of 
the lower hypothalamic region were 
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typical features of a malignant glio- 
ma. 

A recent review of the literature 
lists 96 cases of postirradiation 
tumors of the central nervous system’; 
this includes 50 cases of meningiomas, 
20 sarcomas, and 26 gliomas. Among 
the 26 gliomas, only two were second- 
ary to irradiation of pituitary adeno- 
mas and have been described in detail 
by Piatt et al.’ A third case was subse- 
quently described. Yet, unlike our 
patient, none of these patients, in- 
cluding those who had radiotherapy 
of suprasellar craniopharyngiomas,** 
had involvement of the optic chiasm; 
thus, they did not present with visual 
problems. 

Although neoplastic induction by 








ionizing radiation has been firmly 
established, notably in cases of leuke- 
mias and various sarcomas, it has 
remained speculative in the cause of 
gliomas. Indeed,no increase in central 
nervous system tumor rate was 
recorded in a 25-year follow-up study 
of Hiroshima and Nagasaki survi- 
vors.“ However, Modan et al” pro- 
vided strong epidemiologic evidence 
that low-dose scalp irradiation in 
11000 children resulted in a signifi- 
cantly higher risk of benign and 
malignant bram tumors compared 
with two matched control groups. A 
plethora of reperts associating high- 
dose therapeutic radiation therapy 
and intracranial neeplasias have been 
published.*? To rule out circumstan- 
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Fig 7.—Reconstruction of isodose curves of radiation therapy with tumor (shaded area) seen 
within center of radiation field, in area of optic chiasm. Number indicates gray value. 
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Fig 6.—Cellular portion of tumor features aroi EA and 
pleomorphic astrocytes with fibrillary processes and increased back- 
ground vascularity (hematoxylin-eosin, original magnification X 100). 


Fig 5.—Coronal magnetic resonance imaging (proton density). Note 
abnormal high signal of lesion (short arrows) infiltrating hypothalamus 
on either side of third ventricle (long arrow). This is typical of glioma. 
Infiltrative pattern without distortion of third ventricle and with cerebro- 
spinal fluid below lesion would be most atypical of adenoma. 


tial evidence and to firmly link these 
secondary glial malignant neoplasms 
to radiation treatment, strict require- 
ments such as those set by Fajardo” 
must be used. These criteria include 
the occurrence of the secondary neo- 
plasia within the irradiated field, a 
sufficient latent period to be certain 
the lesion was not present when radi- 
ation therapy was administered, and 
that the secondary neoplasms oc- 
curred more frequently among irradi- 
ated individuals than among appro- 
priate control populations. Support- 
ing evidence includes the presence of a 
dose-response relationship as well as 
the existence of relevant animal mod- 
els. In this regard, monkeys have been 
found to harbor high-grade malignant 
glial neoplasms following proton 
beam irradiation. Furthermore, 
Judge et al’ have proposed to exclude 
patients with neurocutaneous syn- 
dromes (eg, Recklinghausen’s disease) 
because these patients are prone to 
develop malignant neoplasms. One 
may strengthen a report by demon- 
strating histopathologic features con- 
sistent with radiation changes caused 
by radiation exposure. Because of 
the small size of neurosurgical biop- 
Sy specimens, however, radiation 
changes caused by radiation exposure 
have not been demonstrated in previ- 
ously reported cases and ‘quld be bef- 
ter characterized on ample evaluation 
of autopsy material.” 

Inspection of ‘the four cases of 
intracranial gliomas developing after 
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irradiation of pituitary adenomas 
yields compelling evidence for irradia- 
tion oncogenszsis even if precise epide- 
miologic interpretation is hampered 
due to the small number of the re- 
ported cases. The striking anatomic 
similarity »5etween the radiation 
fields and the extent of the secondary 
glial neoplasia as well as adequate 
intervals support radiation etiology. 
This is highlighted in our patient in 
whom radiologic studies demonstrate 
the entire tumor mass to be confined 
to the area of the optic chiasm and 
lower hypothalamic region, corre- 
sponding to the isodose curves of max- 
imal irradiation (Fig 7), a finding that 
has been ineonsistently reported in 
the literature* The latency times 
were, respectively, eight years (pres- 
ent patient), eight years,’ 14 years, 
and ten years,’ which mitigates the 
presence of a glial neoplasia when 
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surg 1966;24:901-307. 

2. Amine ARC. Sugar O: Suprasellar osteogen- 
ie sarcoma following radiation for pituitary ade- 
noma. J Neurosurg 1976;44:88-91. 

3. Iacono P, Spuzzo MLJ, Davis RL: Multiple 


‘ meningiomas following radiation therapy for 


medulloblastoma Case report. J Neurosurg 1981; 
55:282-286. 

4. Ushio Y, Arita N, Yoshimine T, et al: Glio- 
blastoma after radiotherapy for craniopharyn- 
gioma: Case report. Neurosurgery 1987;21:33-38. 

5. Marus G, Bevin V, Rutherfoord S: Malig- 
nant glioma folowing radiotherapy for unre- 
lated primary tumers. Cancer 1986;58:886-894. 

6. Liwnicz BE. Berger TS, Liwnicz RG, et al: 
Radiation-asseciated gliomas: A report of four 
cases and analyses of postradiation tumors of the 
central nervous system. Neurosurgery 1985; 
17:436-445. 

7. Piatt JH Jz. Blue JM, Schold SC Jr, et al: 
Glioblastoma multiforme after radiotherapy for 
acromegaly. Nemrosurgery 1983;13:85-89. 

8. Maat-Schieman ML, Bots GT, Thomeer RT, 
et al: Malignan’ astrocytoma following radio- 
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9. Judge MR, Eden OB, O’Neill P: Cerebral 
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10. David NJ, Gargano FP, Glaser JS: Pitu- 
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radiation therapy was administered. 
This correlates with the ten-year 
median latency (range, four to 26 
years) of all cases of postirradiation 
gliomas collected in the literature. 
Our review of the literature showed 
no significant correlation between 
latency period and total radiation 
dose, or between grade of glioma and 
mean latency. 

We have reported a case of glioma 
of the optic ehiasm that fulfills 
accepted criteria for radiation onco- 
genesis. This report adds weight to 
the ever-increasing plethora of neuro- 
pathologic publications implicating 
radiation therapy with or without 
associated chemotherapy” in the gen- 
esis of gliomas. The coincidental 
occurrence of the malignant glioma 
and prolactinomas seems most unlike- 
ly considering the absence of genetic 
predispositions to cancer, the perfect 
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congruence of radiation fields and gli- 
oma, and the low incidence of optic 
chiasm gliomas in adults. Further 
reporting of similar eases will help to 
define the precise clinicopathologic 
characteristics of radiation-linked gli- 
omas and confirm the inductive role 
of radiation therapy. The diagnosis 
will be greatly aided by the use of MRI 
that offers unparalleled definition of 
the sellar and parasellar region. 

Progressive visual loss in a patient 
several years after radiation exposure 
in the parasellar area should alert the 
ophthalmologist to the possibility of a 
rare, radiation-linked glial neoplasia. 
This is particularity important to con- 
sider when other, more common possi- 
ble causes cannot. be found. 
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Oxygen Transmissibility, Thickness, and 


Water Content of Three Types of Collagen Shields 


Barry A. Weissman, OD, PhD, David A. Lee, MD 


e Oxygen transmissibility, thickness, 
and water content were measured for 
three types of collagen shields: six of 
each type designed to dissolve in 12, 24, 
and 72 hours. Oxygen transmissibility was 
measured by a polarographic method at 
35°C and was found to be 17.9, 17.3, and 
23.8 X 10° cm mL O,/s mL mm Hg, 
respectively. Thicknesses were mea- 
sured with an electronic gauge, and the 
central thicknesses of the 12-hour shields 
were found to be significantly greater 
(mean thickness, 0.19 mm) than the cen- 
tral thicknesses of the other two types 
(0.15 mm each). Water content, as mea- 
sured by a hand refractometer, was found 
to be about 63% for all three types of 
shields, and no statistically significant 
differences were found. These measure- 
ments indicate that collagen shields 
behave like 63% water-content hydrogel 
contact lenses (oxygen permeability esti- 
mated at 27 X 10°'' cm’? mL O,/s mL mm 
Hg) with regard to oxygen transmission. 

(Arch Ophthalmol 1988;106:1706- 
1708) 


pae oxygen transmissibility of con- 
tact lenses (Dk/L, where L is sam- 
ple thickness) and the permeability of 
their materials (Dk) have been mea- 
sured by polarographic means’ for the 
past 20 years after a method original- 
ly published by Fatt and St Helen.’ 
Although this method has been ques- 
tioned of late, especially in relation to 
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rigid contact lenses of high perme- 
ability, it is still a simple, quick, and 
relatively reliable method*®’ for mea- 
suring samples of low to medium oxy- 
gen permeability and transmissibili- 
ty. 
The collagen “shields” (BioCor, 
recently introduced by Bausch & 
Lomb, Rochester, NY) are intended 
for application as bandage contact 
lenses.*? Their physical characteris- 
tics, such as oxygen permeability and 
transmissibility, water content, and 
thickness, have not been reported pre- 
viously. This factor describes an 
investigation of these factors. 


MATERIALS AND METHODS 


The Fyodorov collagen corneal shield is 
described by its manufacturer as a clear, 
pliable, thin film of porcine-derived colla- 
gen in a spherical shell shape, with a 
diameter of 14.5 mm and a posterior curve 
radius of 9.0 mm. It is intended to dissolve 
while in place on the cornea over a period 
of time. The shields are available in 12-, 
24-, and 72-hour dissolution types, related 
to the degree of collagen crosslinking. 

Six shields of each of the three types (a 
total of 18 samples) were provided by the 
manufacturer for this project. The shields 
were supplied sterile and dry, in small flat 
packs. After hydration for five to ten 
minutes in 5 mL of fresh, unpreserved 
0.9% saline (Hypo-Clear Sterile Saline 
Solution, Bausch & Lomb), they were mild- 
ly grayish, with slightly irregular edges 
and a center appearing somewhat thicker 
than the edge. 

The same basic method described by 
Fatt and his coworkers**’ to measure oxy- 
gen transmission in hydrogel contact lens 
materials was used for measurements of 
the hydrated shields, with the same 
assumptions and precautions. A small 
polarographic oxygen sensor (Roche 8396), 
consisting of a 4-mm-diameter platinum 


cathode and silver-silver chloride ring 
anode, was mounted on a specially con- 
structed plastic holder. This was connected 
to an amplifier (Schema Versatae 920A) 
(previously calibrated with three known 
resistors), which maintained voltage 
between the anode and cathode at a con- 
stant 0.7 V and amplified the resultant 
current, which was then graphed by a 
linear strip chart recorder for the mainte- 
nance of permanent records. The sample 
was placed flat (concave side up) onto the 
electrode, over a drop of sterile unpre- 
served saline (same as that used to hydrate 
the samples) and was held in place by the 
plastic holder. Any additional fluid over 
the sample was removed with an absorbing 
cotton-tip applicator. When electric cur- 
rent reaches steady state under these con- 
ditions, it is directly related to the Dk/L of 
the sample by a formula given by Aiba et 
al': i = NFAP (Dk/L), where 7 is current in 
amps (“dark” current already subtracted), 
N is the number of electron-moles involved 
in the reduction of 1 mol of oxygen gas to 
hydroxy] ion (4 in this case), A is the area 
of the cathode, F is the Faraday constant, 
and P is the oxygen tension difference 
across the sample (155 mm Hg at steady 
state). This assumes that the sample is a 
relatively parallel-sided sheet of materi- 
al. 

The Dk/L value is temperature depen- 
dent, and so the entire apparatus was 
maintained at 35°C, to simulate ocular 
temperature, by using a surrounding Sty- 
rofoam box and an enclosed 60-W light 
bulb controlled by a thermostat (Oven 
Industries 5C5-335). A small container of 
water was placed in the box as well, so that 
high relative humidity would be main- 
tained over the short time necessary to 
measure the Dk/L of each sample (approx- 
imately two to three minutes). . 

After rehydration for an additional five 
to ten minutes in fresh salinefan electronic 
thickness gauge was.used td measure the 
central and midperipheral thicknesses of 
the samples.” Finally, aggin after a short 
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rehydration, a hand refractometer (Fisher 
Scientific Brix 28-63%) was used to mea- 
sure the water content of the hydrated 


“shields.” 


We limited this investigation to a single 
measurement with each technique per- 
formed on each collagen shield. We were 
coneerned abcut both fragility and the 
possible dissolution of the shields during 
and after hydration. Indeed, no obvious 
dissolution was noted over the course of 
this study (about one hour in total for each 
shield), but several samples did crack dur- 
ing measurement. 

-We compared measured values of Dk/L, 
central thickness, and water content by the 
two-sample ¢ test to evaluate our results, 
using a significance level of a = .05. 


RESULTS 


The results of measuring oxygen 
transmissibility, both central and 
midperipheral thicknesses, and water 
content for hydrated collegen shields 
are shown in Tables 1, 2, and 3, respec- 
tively. 

Oxygen transmissibility was simi- 
lar for both I2- and 24-hour versions 
of this device, at about 17.5 X 10° em 
mL O./s mL mm Hg. The Dk/L of the 
72-hour versien was found to be some- 
what higher, at about 24 X 10-°cm mL 
O,/s mL mm Hg, and also somewhat 
more variable; the SD of measure- 
ment of the 12- and 24-hour shields 
was about 2 cm mL O,/s mL mm Hg, 
whereas the SD of measurement of 
the 72-hour shield was about 9 em mL 
O,/s mL mm Hg. This difference in 
variances was found to be statistically 
significant (F = .05) by the Levene F 
test. No statistically significant dif- 
ferenees were found, however, be- 
tween the Dk/L values of the three 
types of shield at a = .05 by the two- 
sample t test. 

Overall, thicknesses of these sam- 
ples were about 0.15 mm, with the 
12-hour shields significantly thicker 
centrally (mean, 0.19 mm) than either 
of the other two types (mean central 
thickness, 0.15 mm each; P = .002 and 
P= .03, respectively). Estimates of 
average thickness might be obtained 
by more involved measurements and 
calculations” on a device-by-device 
basis, but this is probably not justi- 


estimated harmonie mean thickness" 
for each group of shields gave results 
within 0.01 mm of a simple average of 
central and midperipheral measure- 
ments. These shields appeared to be 


slightly “plus-powered” in format, 
with centers thicker than midperi- 


) pheral measurements by some 0.04 


~ nim (overall mean [+ 1 SD] difference 


was 0.036 + 0002 mm, and this differ- 
ence was statistically significant at 
P< .001 by the paited t test). This 


Arch Ophthaima!i—Vol 106, Dec 1988 


Dk/L, X 107° cm mL O2/s mL mm Hg 


12-h Shield 



























Shield No. 12-h Shield 






Mean + SD 62.7 + 0.8 










* Shield cracked during measurement. 


minor difference in thickness profile, 
however, should probably not have 
substantial effects on the use of the 
Aiba et al’ formula, especially if no 
attempt is made to directly convert 
Dk/L values to Dk at this point. It is 
worthwhile to nete that the samples 
with higher Dk/L values were the 
thinner shields, and a high statistical 
correlation was found between Dk/L 
and central thickness (r= —.97), as 
would be expected. 

Water content of all samples was 
relatively consistently about 63%. No 
statistically significant differences 
could be detected between the shield 
types at the a = .05 level. 


COMMENT 


Although sample size was limited in 
this study (n = 6 for each shield type), 
at a=0.05 we calculated that we 
would be able to detect differences in 


Table 2.—Measured Central (tc) and Midperipheral (tmp) 
Thicknesses for Three Types of Collagen Shield 


Thickness, mm 


12-h Shield 24-h Shield 72-h Shield 
~~ E a SF 
Shield No. te tmp te tmo te tmp 
1 D.17 0.17 0.13 0.10 0.16 0.11 


Mean + SD 0.19 + 0.02 0.15 + 0.01 0.15 + 0.01 0.11 + 0.01 0.16 + 0.03 0.12 + 0.03 


Table 3.—Measured Water Content for Three Types of Collagen Shield 


OT 


2 62 62* 66* 
4 63 66 63 
5 63 64 62* 
6 62 62 62 


24-h Shield 72-h Shield 

















Water Content, % 









24-h Shield 





72-h Shield 










63.2 + 1.6 63.2 + 1.5 










Dk/L of 10 X 10°? em mL O,/s mL mm 
Hg (power = 0.74), in central thick- 
ness of 0.04 mm (power = 0.64), and in 
water content of 27% (power = 0.90). 
Only in central thickness was a statis- 
tically significant difference detected 
between the different shield types, 
with the 12-hour shields being thicker 
than the other two types, perhaps 
related to crosslinking. 

Fatt and Chastan’ presented a for- 
mula for estimating the Dk value at 
35°C of any hydrephilic contact lens 
material based en water content 
(WC): Dk = (2 X 107") [2.718004 x Wo], 
Applying this estimate of Dk to the 
63% water content of the shields, Dk 
of the hydrated samples would be 
predicted at 27 X 10-7"! cm? mL O,/s 
mL mm Hg. If thickness is assumed to 
be 0.15 mm, then Dk/L should be 
about 18 X 10° em mL O,/s mL mm 
Hg; our measurements for both 12- 
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and 24-hour shields are similar to this 
value. Assuming that the 72-hour 
shields have a measured Dk/L of 
24 X 10° cm mL O,/s mL mm Hg and 
the same Dk value, calculation sug- 
gests that the average thickness of 
these samples should be 0.11 mm, 
which is close to the measured values. 
The thinnest 72-hour sample, howev- 
er, gave a Dk/L value of 40 X 10°? cm 
mL O./s mL mm Hg; by the same 
calculation, the average thickness of 
this shield should be about 0.07 mm, 
which is slightly thinner than was 
actually measured. Thus, it appears 
that these shields act (from the per- 
spective of oxygen transmissibility) as 
a 63%-water-content hydrogel mate- 
rial and that the only difference 
observed with’ changes in material 
characteristics secondary to increased 
crosslinking to lengthen the dissolu- 
tion time may be decreased central 


1. Aiba S, Ohashi M, Huang S-Y: Rapid deter- 
mination of oxygen permeability of polymer 
membranes. Ind Eng Chem Fund 1968;7:497- 
502. 

2. Fatt I, St Helen R: Oxygen tension under an 
oxygen permeable contact lens. Am J Optom 
Arch Am Acad Optom 1971;48:545-555. 

3. Hamano H, Kawabe H, Mitsunaga S: Repro- 
ducible measurement of oxygen permeability 
(Dk) of contact lens materials. CLAO J 1985; 
11:221-226. 

4. Brennan NA, Efron N, Holden BA: Oxygen 
permeability of hard gas permeable contact lens 
materials. Clin Exp Optom 1986;69:82-89. 

5. Fatt I, Rasson JE, Melpolder JB: Measuring 
oxygen permeability of gas permeable hard and 
hydrogel lenses and flat samples in air. Int 
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thickness. 

Consideration of both boundary*’ 
and edge’ effects complicates analysis 
of polarographic measurements of Dk 
and Dk/L, especially with high-Dk 
materials or very thin lenses, and 
raises questions about the direct con- 
version from Dk/L to Dk by simple 
multiplication by L. We specifically 
avoided direct calculation of Dk here. 
The shields apparently act like medi- 
um-water-content thick hydrogels. 
Our technique should therefore give 
useful oxygen transmissibility data 
without the need for correction to 
take into account edge and boundary 
effects. 

Another question must be raised: do 
the shields provide enough oxygen for 
corneal metabolism? Our measure- 
ments suggest a Dk/L value of about 
20 X 10° cm mL O,/s mL mm Hg for 
all three types. This currently defines 
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a good open-eye contact lens but is 
considered inadequate for use under 


closed lid (extended-wear) condi- 
tions (although many current ex- 
tended-wear hydrogel contact lenses 
have transmissibilities around this 
value). It is likely, however, that dis- 
solution acts either to thin the shield 
or to increase its hydration asymptot- 
ically, and thus Dk/L in vivo may 
become progressively greater. 
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Glycoeonjugate Abnormalities in 


Cultured Keratoconus Stromal Cells 


Beatrice Y..J. T. Yue, PhD; Noorjahan Panjwani, PhD; Joel Sugar, MD; Jules Baum, MD 


è We examined the plasma membrane 
glycocenjugares of cultured corneal stro- 
mal celis derived from patients with kera- 
toconus and healthy subjects. Using 
radiolabeled Sctins as probes, we found 
that a majorit~ ef our keratoconus strains 
contained more binding sites for conca- 
navalin A, Ricnus communis agglutinin |, 
and soybean agglutinin than did the con- 
trols. The number of binding sites in cul- 


tured kerato@onus cells for radioactive 


peanut aggiufnin, wheat germ agglutinin, 
and G#ffoniz simplicifolia agglutinin |, 
however, was: similar to that found in 
normal conircis. Using a second method 
with bietin-afeied lectins as probes, we 
confirmed the increased amounts of gly- 
coconjugates would bind to concanavalin 
A and A communis agglutinin | in stromal 
cells of patieats with keratoconus com- 
pared with these of the control subjects. 
This study sweggests that plasma mem- 
branes of cells derived from some 
patients with keratoconus may contain 
elevated ameunts of glycoconjugates 
with glucose and/or mannose, terminal 


galactose, and WN-acetylgalactosamine 
residues. 
(Arch @pathalmol 1988;106:1709- 
1712) 


eratoconus is a disease that thins 
and seazs the central portion of 
the cernea. Previous biochemical 
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studies have shown that corneas from 
patients with keratoconus contain less 
protein per milligram of dry weight 
than do corneas of normal human 
control subjects” The reduced protein 
content points to the possibility of an 
increased content of nonproteinaceous 
materials in keratoconus corneas. 
Among the various nonproteinaceous 
components, carbohydrate moieties of 
glycoconjugates seem to be the prime 
candidates. In support of this hypoth- 
esis, one report has previously sug- 
gested that the total amount of struc- 
tural glycoproteins is increased in 
keratoconus.’ In addition, our labora- 
tory recently conducted a histochemi- 
cal study in which 29 of the 31 kerato- 
conus tissue sections examined exhib- 
ited an abnormally high amount of 
polyanions that included primarily 
glycosaminoglycans.* The prevalence 
of the polyanion abnormality suggests 
that glycoconjugates may play a more 
prominent role than collagens or oth- 
er molecules in the pathogenesis of 
keratoconus. 

To examine more specifically the 
nature of these glycoconjugates, we 
performed lectin-binding studies. 
Plasma membrane glycoconjugates of 
cultured corneal stromal cells derived 
from ten patients with keratoconus 
and ten normal subjects were studied 
using lectins as probes. 


MATERIALS AND METHODS 


Normal human corneas were obtained 
from the Illinois Eye Bank, Chicago. Ages 
of the ten donors ranged from 7 months to 
78 years (mean + SD, 37.7 + 20.8 years). 
Among the ten normal human tissues, 
eight were received as corneoscleral rims 
following the use of the central cornea for 
transplantation. Tnese corneas had been 
examined by one of the authors (J.S.) with 





a slit lamp. All had »een judged to be 
suitable graft tissmes “or corneal trans- 
plantation. The remaining two normal con- 
trol tissues were eyes »btained within 20 
hours of autopsy and emucleation. The two 
donors did not have ¿ny known ocular 
disease, and their corn as were clear and 
unremarkable. Corneal buttons from ten 
patients with typical clmical symptoms of 
keratoconus were obtained at penetrating 
keratoplasty. The ages ef these patients at 
the time of the surgery ranged from 20 to 
56 years (mean + SD, 30.8 + 11.2 years). 
Cultures of corneal s:romal cells were 
established from these normal human and 
keratoconus corneas =s previously de- 
scribed.’ Cells in early passages (between 
passages 1 and 4) were used for the study. 
Two different binding methods were used. 
The first method utilized radiolabeled lec- 
tins; the second meth involved biotin- 
labeled lectins and 2 solal-phase adsorbant 
assay system. 

The following lectins were used: conca- 
navalin A (Con A} sav bean agglutinin 
(SBA), Ricinus commanis agglutinin I 
(RCA-I), peanut agglutmin (PNA), wheat 
germ agglutinin (WGA)(Vector Laborato- 
ries, Burlingame, Calf), and Griffonia 
simplicifolia agglutinim I (GSA-I) (E. Y. 
Laboratories, San Mates, Calif). The lec- 
tins were labeled bw reluctive alkylation 
with radioactive carbon “C) formaldehyde 
following the methed © Dottavio-Martin 
and Ravel.® The resultent “C-labeled lec- 
tins were tested for their sugar-binding 
properties using appropriate Selectin col- 
umns (Pierce Chemical Co, Rockford, Ill). 
Specific activities for lectins used as 
probes for our study were 3.2, 15.1, 10.0, 5.7, 
2.3, and 16.7 X 10° counts per minute per 
milligram of proteinfor Son A, SBA, RCA- 
I, PNA, WGA, and GS/-I, respectively. 

Stromal cell samples or binding assays 
were prepared as follows. Corneal stromal 
cells (200000 per well were plated on 
six-well plates (Corning. Corning, NY) in 
two sets of triplicates »r quadruplicates. 
Four days later, the fre hly confluent cor- 
neal cells were washed three times with 
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Table 1.—Lectin Binding in Corneal Stromal Cells * 









Lectins Bound (cpm/mg of Cell Protein) 
ear" hr. vn«_—n eve 
Lectins Normal Keratoconus 


Con A 3452 + 423 4373 + 519 <.008 


SBA 2635 + 395 3861 + 531 <.004 


Radioactive 
Carbon-Labeled 


















RCA-I 18345 + 1816 35 297 + 3770 <.000001 
PNA 1513 + 406 2011 + 242 NS 
GSA-I 1105 + 259 1246 + 684 NS 





* Values are mean + SD (n = 4). ConA indicates concanavalin A; SBA, soy bean agglutinin; RCA-I, Ricinus 
communis agglutinin |; PNA, peanut agglutinin; WGA, wheat germ agglutinin; GSA-!, Griffonia simplicifolia 
agglutinin |; and NS, not significant. 










Table 2.—Variation in Lectin Binding in Keratoconus 
Stromal Cell Strains Derived From Different Patients * 


Lectin Binding Relative to Normal Control Cells 


on Orr” __ _e_ er 
Patient No. ConA SBA RCA-I PNA 


1 1.27 + 0.15f 1.47 + 0.19T 1.92 + 0.204 1.11 + 0.13 


4 2.20 + 0.21¢ 2.25 + 0.20¢ 1.60 + 0.18F 1.16 + 0.36 


NA 












7 £ 
8 NA 1.05 + 0.17 1.35 + 0.21§ 






*Data were expressed as follows: 
Mean + SD From Keratoconus Cultures 
Mean of the Normal Control Values 


For example, 1.27 shows that the value from a keratoconus strain is 27% higher than that found in normal 
control cultures. For those data not significantly different from controls, P values are not shown. Con A indicates 
concanavalin A; SBA, soy bean agglutinin; RCA-I, Ricinus communis agglutinin |; PNA, peanut agglutinin; and 


NA, not available. 
tP < .008. 
+P < .0002. 
§P < .03. 


Dulbecco’s phosphate-buffered saline 
(PBS). The first set of cultures was then 
incubated for 20 minutes in 1 mL of PBS 
containing 5 mg/L of “C lectins, and the 
second set was incubated in PBS contain- 
ing 5 mg/L of “C lectins and 0.2 mol/L of 
appropriate blocking sugar. After a fur- 
ther thorough washing with PBS, cells 
were solubilized in 1 mL of 0.5N sodium 
hydroxide. Aliquots of the solubilized cell 
solutions were then counted for radioactiv- 
ity, and cell protein contained therein was 
measured by Lowry’s method using bovine 
serum albumin (BSA) as the standard.’ 
Lectin binding was calculated by subtract- 
ing the value in counts per minute per 
milligram of cell protein determined for 
the second set of cultures from the value 
determined for the first set. Haptenic car- 
bohydrates were used as blocking sugars, 
including a-methylmannopyranoside (for 
Con A), N-acetylgalactosamine (for SBA), 
B-lactose (for RCA-I and PNA), N-acetyl- 
glucosamine (for WGA), and a-methylgal- 
actopyranoside (for GSA-I) (Sigma Chemi- 
cal Co, St Louis). 

For the solid-phase adsorbant assay, 
cells were plated (200000 cells per well) on 
six-well plates in triplicate or quadrupli- 
cate. Two days later, serum-free media 
were added. After 24 hours, the media were 
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collected. The cells were washed with PBS 
and then solubilized at room temperature 
in 0.1N NaOH for 20 minutes. 

Assays were performed on 96-well plates 
(Costar, Cambridge, Mass). The wells were 
coated in triplicate with 50 uL of cell 
samples (dialyzed against PBS the prior 
day) at 37°C for 2% hours. Fifty microlit- 
ers of solutions containing various 
amounts of the standard was also added in 
triplicate to other wells of the same 96-well 
plate. After coating, excess solutions were 
removed and nonspecific reaction was 
blocked with 3% BSA at 37°C for 30 
minutes. The wells were washed thorough- 
ly with PBS and 0.1% polysorbate 20 solu- 
tion and were incubated with PBS with or 
without blocking sugar (0.2 mol/L) for 30 
minutes. Solutions containing a specific 
biotin-labeled lectin (0.5 ug) (Vector Labo- 
ratories) with or without blocking sugar 
(0.2 mol/L) were then added to the wells 
for 30 minutes. After further washing, the 
bound material was allowed to react for 30 
minutes with 50 uL of avidin-biotin-perox- 
idase complex reagent (Vector Laborato- 
ries). The reaction products were visual- 
ized with peroxidase substrate O-phenyl- 
enediamine dihydrochloride (Abbott Labo- 
ratories, North Chicago, Ill), and the color 
developed was measured in a microplate 


reader (Biotek, Burlington, Vt) at 490 nm. 
The curve obtained from standards run in 
parallel was used to caleulate the amount 
of glycoconjugates with a specific lectin 
affinity in samples. 

Some of the cell samples, after being 
coated onto the 96-well plates for PNA- 
binding assays, were treated at 37°C for 30 
minutes with 50 uL of neuraminidase (0.2 
U/mL in 0.01 mol/L of sodium phosphate, 
0.15 mol/L of sodium chloride, and 0.1 
mmol/L of calcium acetate buffer, pH 7.0; 
Sigma Chemical Co) for the examination of 
the sugar residue on the internal side of 
sialic acid in oligosaccharide chains.’ Stan- 
dards used in the assay were 30 to 400 ng of 
fibronectin (for Con A), 50 to 400 ng of 
fibronectin (for RCA-I), a 1:1000 to 
1:10000 dilution of fetal bovine serum (for 
PNA), and 150 to 1000 ng of ovalbumin (for 
WGA). Experiments were performed at 
least twice. A two-tailed Student t test was 
used to determine the statistical signifi- 
cance of the data. 


RESULTS 


Table 1 shows the representative 
lectin-binding patterns in corneal 
stromal cells. The cells were derived 
from a 56-year-old patient with kera- 
toconus (patient 1) and a 57-year-old 
normal human subject. Using “C 
formaldehyde-labeled lectins as 
probes, we found that the keratoconus 
cells had more binding sites for Con 
A, SBA, and RCA-I than the control 
cells did (Table 1). No difference was 
noted between the keratoconus and 
normal control cells in terms of cell- 
surface binding with PNA, WGA, and 
GSA-I. 

When specific activity of each lectin 
was used to calculate the binding of 
lectins as micrograms of lectin per 
milligram of cell protein in normal 
control cells, the values were 1.08, 
0.17, 1.88, 0.32, 1.08, and 0.07, respec- 
tively, for Con A, SBA, RCA-I, PNA, 
WGA, and GSA-I. The corresponding 
lectin-binding values in keratoconus 
cells were 1.37, 0.26, 3.58, 0.35, 1.14, 
and 0.07. Our data agree with previous 
demonstrations that in normal hu- 
man stroma, the lectin receptors are 
primarily for Con A, RCA-I, and 
WGA.*" 

Table 2 shows the binding of six to 
eight keratoconus stromal cell strains 
with Con A, SBA, RCA-I, and PNA in 
relation to that in normal control 
cells. One to four control cultures, 
each in triplicate or quadruplicate, 
were used in experiments for compar- 
ison purposes. Variations among nor- 
mal control data ranged from 12% to 
17% for Con A, 7% to 15% for SBA, 
10% to 14% for RCA-I,‘and 12% -tō 
27% for PNA. Variations. due’to pas- 
sage numbers (between 1 and 4) in 
three normal control, cultures and 
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three kerateconus cultures ranged 
from 2% te T%. All seven keratoconus 
cell strains <«xamined had a signifi- 
cantly greater number of binding sites 
for Con A than those of the controls. 
However, only half of the keratoconus 
strains investigated contained in- 
creased numbers of binding sites for 
SBA and RCA-I. The binding with 
PNA was normal for all seven kerato- 
conus cultures studied. The percent- 
age of increas in binding with Con A, 
SBA, or RCA 4 varied with each of the 
keratoconus c!] strains derived from 
different patients. No significant dif- 
ferences in terms of duration of the 
disease, size and shape of the cone, 
and degree cf searring were found 
among the patients. 

Table 3 shows the representative 
results of amsunts of glycoconjugates 
associated wth stromal cells. The 
cells were culcured from corneas of a 
56-year-olc patient with keratoconus 
(patient 1) and a 57-year-old normal 
individual. The plasma membrane 
glycoconjugat2s were measured by a 
solid-phase adsorbant assay system 
using biotiny ated lectins as probes. 
As was shown in Table 1, keratoconus 
cells contained increased amounts of 
glycoconjugates with specific recep- 
tors for Con A and RCA-I. The level of 
such glycoconjugates again varied 
with cells derived from nine of the 
patients with keratoconus (Table 4). 
For these experiments, one to four 
control cultures, each in triplicate or 
quadruplieate were used for compari- 
son purposes. Variations among nor- 
mal control data ranged from 5% to 
13% for Com A and 4% to 12% for 
RCA-I. Studes with biotinylated 
PNA, SBA, and WGA were also per- 
formed. However, in both keratoconus 
and norma! human corneal cultures, 
glycoconjugates specific for these lec- 
tins could no be detected (Table 3). 
This may be r2lated to the sensitivity 
of the solid-pnase assay system. 


COMMENT 


This study demonstrates that cells 
derived from datients with keratoco- 
nus have higher-than-normal num- 
bers of binding sites for Con A, RCA- 
I, and SBA. Tae results indicate that 
these keratoesnus cells may contain 
elevated levels of glycoconjugates 
with glucose =nd/or mannose, termi- 
nal galactos:, and WN-acetylgalac- 
tosamine residues. These results are 
consistent wih a previous finding 
that the teta! structural glycoprotein 
in keratocomus is increased.’ In addi- 
tion, a tecent histochemical demon- 
stration shows that keratoconus cor- 
neas yielded h gher polyanion (mainly 
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Biotinylated Lectins Used 
Con A 


Table 3.—Amount of Glycoconjugates Detected by Biotin) ylat edi etin ins* x e, 
Amount of Glycoconjugates Associated With Cells 


ev5ce 
Normal 


151.0 + 18.6 


RCA-I 61.3 + 7.8 80.3 + 65 <.017 
PNA after neuraminidase digestion ND ND e's 


SBA ND ND T: 
WGA ND ND aes 





i. ae” 
C 






(ug/mg of Cell Protein) 







Keratoconus 
204.5 + 8.4 








P 
<.011 






*Values are mean + SD (n = 4). Con A indicates concanavalin A; RCA-I, Ricinus communis agglutinin |; 
PNA, peanut agglutinin; SBA, soy bean agglutinin; WGA, wheat germ agglutinin; and ND, not detectable. 


Table 4.—Amounts of Glycoconjugates in Corneal Stromal Celis 
Derived From Different Patients With Keratoconus* 


Patient No.t 


1.23 + 0.02|| 
1.36 + 0.154 


*Data were expressed as follows: 


ConA 
1.35 + 0.06¢ 





Amounts of Glycoconjugates Relative to 


Normal Control Cells 


RCA-I 
1.31 + 0.11¢ 


1.47 + 0.27 
1.92 + 0.171 


Mean + SD From Keratoconus Cultures 


Mean of the Normal Control Values 


For example, 1.35 shows that the value from a keratoconus strain is 35% higher than that found in normal 
control cultures. Con A indicates concanavalin A; RCA-I, Ricinus communis agglusinin |. 
tGlycoconjugates in keratoconus cells derived from patient 8 were not investigated by this method. 


+P < .08. 

§Not significantly different from controls. 
||P < .009. 

TP < .0001. 


glycosaminoglycan) staining than did 
the controls. All of these studies are 
further supported by an independent 
study that the 4-mol/L guanidine 
hydrochloride extracts of keratoconus 
tissues contain increased amounts of 
uronic acid and neutral hexose." 

The increased lectin-binding sites 
in keratoconus cells are likely due to 
an increased content of oligosaccha- 
rides of glycoproteins, glycosamino- 
glycans, and glycolipids. Alternative- 
ly, the glycoproteins or glycolipids of 
keratoconus stromal cells may also be 
glycosylated to a higher degree than 
those in the controls. Further studies 
are needed to differentiate these pos- 
sibilities. It is, nevertheless, evident 
that glycoconjugates in the in vitro 
cultured keratoconus cells are in- 
creased, aS was seen in the in vivo 
keratoconus buttons, suggesting that 
biochemical abnormalities in kerato- 
conus tissues continue to be expressed 
in culture. 

The variation seen in the lectin 


binding among the keratoconus 
strains examined is not unexpected. 
Data existing in the literature on ker- 
atoconus corneas often lack consisten- 
cy, and biochemical heterogeneity in 
keratoconus has been recognized.”* In 
an early study, two groups of kerato- 
conus have been found based on their 
collagen content. Group 1 keratoco- 
nus contains a similar amount of col- 
lagen to that in the controls, whereas 
group 2 has a reduced collagen con- 
tent. Classification can be achieved 
either by a biochemical assay or by a 
histochemical staining method for 
estimation of collagen quantities.‘ 
Among the ten patients whom we 
examined in our study, nine had nor- 
mal collagen staining (data not 
shown) and are thus classified as 
group 1. The cornea of the remaining 
patient (patient 6) had a reduced col- 
lagen staining and is identified as 
group 2. Between these two groups of 
keratoconus stromal cell strains, no 
correlation could be made in terms of 
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the lectin-binding data. The data also 
had no correlation with the medical 
histories of patients, such as degree of 
scarring. It is possible that the varied 
lectin binding noted within the group 
1 samples may suggest a greater 
extent of heterogeneity in keratoco- 
nus. However, the variation may also 
be related to the differential adapta- 
tion of each keratoconus cell strain to 
culturing conditions. 
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Glycoconjugates have been impli- 
cated as influential in cell differentia- 
tion and cell migration.” Differences 
in lectin receptor sites on wounded or 
migrating and nonwounded corneal 
epithelium have been found previous- 
ly.3'* Our demonstration of an 
altered lectin-binding pattern in kera- 
toconus stromal cells underscores fur- 
ther the multiple biologic roles of 
glycoconjugates. It remains to be 
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Noninvasive Metabolic Analysis of 


Preserved Rabbit Cornea 


Kazuo Tsubot2. MD; Ronald A. Laing, PhD; Keizo Chiba, MD; Laila A. Hanninen; Kenneth R. Kenyon, MD 


@ With the method of corneal redox 
flucrometry, ‘he autofluorescence of 
reduced pyridine nucleotides (PN) and 
oxidized flavoproteins (Fp) in rabbit cor- 
neal endothe! um was measured as a 
function of storage time in McCarey-Kauf- 
man (MK) medium and K-Sol medium. 
Measurements were started immediately 
after preparation of the corneal button, 
and the corneas were followed up for up 
to three weeks of storage. In both media, 
the PN/Fp ratio of the endothelium initial- 
ly increased s! ghtly in the first or second 
day and then began to decrease toward a 
level lower than baseline. This initial 
increase is possibly a result of an adap- 
tive mechanism. The PN/Fp ratio main- 
tained itself in the range of baseline val- 
ues up to one week in MK medium but not 
in K-Sol mediwm. With scanning electron 
microscopy, te surface of the membrane 
and cell berc=r were maintained for a 


ssessing the viability of culture 
medium-preserved corneas is im- 
portant for the evaluation of eye bank 
tissue prior to keratoplasty. Although 
the duration of storage, biomicroscop- 
ic appearance of the tissue, and other 
clinical information is currently being 
used, suitabl2= objective methods for 
evaluation have yet to be developed. 

- Specular microscopy is a promising 
method and is being used for the 
assessment œ corneas, since the endo- 
thelial cells change their morphologi- 
cal features when the endothelium is 
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three-week preservation period, and no 
apparent differences were found be- 
tween the corneas stored in the two 
media. With transmission electron micros- 
copy, the intracellular organelles ap- 
peared almost normal through one week 
of preservation in corneas stored in either 
media. During weeks 2 and 3, however, 
intracellular edema with increased endo- 
thelial thickness became prominent in the 
corneas stored in both media. Although 
no visual difference in the morphological 
features of the endothelium was apparent 
between corneas stored in either medi- 
um, computer-assisted morphometric 
analysis showed a statistically significant 
increase in the coefficient of variation of 
mean cell area for the corneas preserved 
in K-Sol medium but not for those pre- 
served in MK medium. 

(Arch Ophthalmol 
1717) 
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stressed.' Another noninvasive evalu- 
ation method being developed is phos- 
phorus nuclear magnetic resonance.” 
However, the complex and expensive 
instrumentation required for this 
method would probably preclude its 
use at most eye banks. Corneal redox 
fluorometry provides a third objective 
method to evaluate the preserved cor- 
nea. This method determines the oxi- 
dation-reduction state of the corneal 
tissues by measuring fluorescent sig- 
nals from the reduced pyridine nucle- 
otides (PN) and oxidized flavoproteins 
(Fp). This method, as demonstrated 
herein, shows promise in providing a 
practical method for evaluating donor 
corneas prior to surgery. 


MATERIALS AND METHODS 
Instrumentation 


Redox fluorophotometry in combination 
with specular microscopy was used to mea- 
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sure the PN/Fp ratio ef the cornea. The 
basic instrument used has been previously 
described.*® The current system is con- 
trolled by a microcomputer and provides 
automatic depth and time scanning, auto- 
matic filter changing, data storage, and 
analysis. With this instrumentation, three 
signals were measured, depending on the 
filter combinations used. One fluorescence 
signal was measured by excitation with a 
366-nm wavelength and measurement of 
wavelengths centered at about 440 nm (the 
366/440 signal). A second fluorescence sig- 
nal was measured hy excitation at 460 nm 
and measurement of wavelengths centered 
at about 540 nm (the 460/540 signal). A 
reflection signal was measured by excita- 
tion at 540 nm and measurement of wave- 
lengths at 540 nm and was used as a 
reference for locating the endothelial 
peak. 


Preparation of Corneas 


Ten New Zealand albino rabbits, weigh- 
ing 3 to 4 kg, were anesthetized with an 
intramuscular injection of 0.5 to 1.0 mL of 
1:1 ketamine hydrochloride (30 mg/kg of 
body weight) and xylazine hydrochloride (6 
mg/kg of body weight). Retrobulbar anes- 
thesia using 0.5 mL of 4% lidocaine hydro- 
chloride was performed, and the eyes were 
enucleated. Corneoscleral buttons were 
immediately excised using standard eye 
bank procedures and were placed in either — 
McCarey-Kaufman (ME) medium (Aurora 
Biologicals, Williamsville, NY) or K-Sol 
medium (Cilco, Huntington, WVa) within a 
specular microscope eye bank container. 
An overdose of pentobarbital sodium into 
an ear vein was then used to kill the 
animal. Since pentobarbital is a known 
respiratory inhibitor that can aiter the 
metabolic state of tae cornea, the drug was 
not used until after enncleation. 


Measurements 


A X20 objective tens (W20X Bio-Optics, 
Boston) having a smaller-than-normal tip 
diameter dipping eone was used with a 


modified eye bank specular microscope 
(LSM-2100C, Bio-Optics). In use, the sur- 
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Fig 1.—Cornea in culture medium under spe- 
cial objective lens of modified eye bank spec- 
ular microscope. Scannings of reduced pyri- 
dine nucleotides signal and oxidized flavopro- 
teins signal were made by changing position 
of cornea relative to objective lens. Endotheli- 
al measurement was taken by focusing on 
corneal endothelium. 


face of the small dipping cone was about 1 
mm above the endothelial surface (Fig 1). 
To improve the depth resolution, the width 
of the specular microscope slit was reduced 
to 90 um, and a conjugate (confocal) slit of 
the same size was used in front of the 
ocular lens. The measurement area on the 
endothelium was about 0.5 X10 cells in 
size; the depth resolution was calculated to 
be 15 um.’ The sample volume thus in- 
cluded the entire endothelium, Descemet’s 
membrane, and a small depth of stroma. 

A measurement was made by focusing 
the slit onto the area of interest and count- 
ing the fluorescent emissions for 0.1 s. The 
number of photons counted in this 0.1-s 
period was automatically entered into the 
computer, the cornea was moved up (or 
down) by a fixed amount (about 6 um), and 
a new counting period was started. By 
moving the slit image from a position 
anterior to the epithelium to a position 
posterior to the endothelium (or vice ver- 
sa), a complete “depth scan” measurement 
of the cornea was obtained, which took 
about 20 minutes for each of the three 
filter combinations used. 

After the depth scan was performed, the 
slit was focused on the endothelium. The 
PN and Fp readings were taken at room 
temperature for 0.1 s per reading. After 30 
readings (one measurement), the mean 
value and the SD were calculated by the 
attached computer. 

Of ten paired corneas, seven pairs were 
used for redox fluorometry and specular 
microscopy, and three pairs were used for 
electron microscopy. The measurements 
were started immediately after the corneo- 
scleral button was initially put into MK 
medium or K-Sol medium on experimental 
day 0 and just after the cornea was taken 
out of the refrigerator on the subsequent 
days. In each set of measurements, the 
PN/Fp ratio was taken at room tempera- 
ture for two hours continuously (>25 mea- 
surements), and the mean and SD were 
calculated and used for analysis. Between 
these two-hour measurement periods, the 
corneas were refrigerated at 4°C. 

Standardization of the autofluorescent 
signal was obtained by using specially 
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made contact lenses containing fluoro- 
chromes similar to PN and Fp signals. 
These lenses were placed in distilled water 
during the measurement to simulate the 
environment of the corneas in storage 
medium. The raw autofluorescent signals 
were normalized to the standardization 
signals to compensate for the day-to-day 
variations of the light intensity and back- 
ground noise. The obtained data were sta- 
tistically analyzed by Statistical Analysis 
System (SAS) software (SAS Institute, 
Inc, Cary, NC). 


Specular Microscopy 


After each redox fluorometric measure- 
ment, a specular microscopic picture of the 
endothelium was taken using a standard 
eye bank specular microscope (LSM2100C, 
Bio-Optics). The corneas were then re- 
turned to the refrigerator. The total time 
the cornea was in room temperature was 
not more than 2% hours a day. The specu- 
lar photographs were digitized, and com- 
puter-assisted morphometric analysis was 
performed at 0, 1, 3, and 7 days of storage 
time using an image analysis system 


0. 


E+00 = ™ 0.0 . 0000E +01 


(ECC-1000, Bio-Optics).° For each cornea, 
more than 200 cells were digitized for each 
condition. 


Electron Microscopy 


Corneas preserved in MK medium or 
K-Sol medium for 1, 2, or 3 weeks were 
fixed in 2.5% glutaraldehyde-2% parafor- 
maldehyde in sodium cacodylate buffer 
(pH 7.2). After fixation, each cornea was 
bisected. Half of each cornea was pro- 
cessed for scanning electron microscopy 
(SEM), and half was processed for trans- 
mission electron microscopy (TEM). The 
specimens for SEM were rinsed in 0.1 
mol/L of sodium cacodylate, dehydrated in 
a graded ethanol series, and critical-point 
dried with carbon dioxide. The specimens 
were sputter coated with gold (Balzer 
SCD040) and examined with SEM (1000A, 
Amray, Boston). The specimens for TEM 
were postfixed with 2% osmium tetroxide, 
dehydrated in graded alcohols, and embed- 
ded in epoxy resin (Epon-Araldite). Sec- 
tions were stained with uranyl acetate- 
lead citrate, and examined using TEM 
(Philips 410, Eindhoven, the Netherlands). 
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Fig 2.—Fluorescence intensity of oxidized pyridine nucleotide (top) and reduced flavoprotein 
(bottom) as function of depth in fresh, cultured cornea in McCarey-Kaufman medium as, displayed 
on monitor. Attached computer generates and stores data and displays signals £s shown. Arrow 
shows endothelium peak. Autofluorescent signal intensity is subsequently standardized with 
autofluorescent intensity of polymethylmethacrylate calibration lenses: x-Axig gives distance in 
Stepper motor steps (1 step is about 6 um); y-axis gives signal level in counts per second. 
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RESULTS 


_ . Figure 2 shows the results of a 
depth scan of the PN and Fp signals 
for a fresh cernea. The resolution in 
depth is sufaicient to separate the 
three major tissue components— 
endothelium, stroma, and epithelium. 
Table 1 shows the mean PN/Fp ratio 
and SD of the endothelium in either 
MK medium er K-Sol medium during 
the three-week observation period. 

Figure 3 shows the PN/Fp ratios vs 
storage time. The initial (day 0) mean 
and SD of the PN/Fp ratio in each 
medium were essentially the same. 
The ratio ther increased slightly, with 
a large SD or days 1 and 2, and then 


1.0 


PN/Fp Ratio 


0.5 





_ Table 1.—Caanges in PN/Fp Ratio as 
| a Function of Storage Time in MK Medium 
ane K-Sol Medium * 










Experiment MK K-Sol 
Day Medium Medium 


90.77 + 0.14 0.76 + 0.15 
9.85 + 0.20 0.79 + 0.58 
9.91 + 0.49 
9.73 + 0.11 
3.70 + 0.31 0.54 
14 3.33 + 0.11f 0.29 + 0.097 
2.27 +0.06t 0.26 + 0.05f 





















* Results are given as mean + SD. MK indicates 
McCarey-Kaufmar PN/Fp, pyridine nucleotide/ fla- 
voprotein. 

tWalue is statstically different (paired t test, 
P < 0001) from tře baseline ratio of the initial day. 





The number ef samples was between 50 and 60. 


Fig 4.—Speculer micrpscopic pictures of rabbit corneal endo- 
thelium at Gays I, 7, 14, and 21 in McCarey-Kaufman medium 
(left) and K- Sel,.medium (right), respectively. No apparent 
differences were found between the two media. 
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Fig 3.—Changes of reduced pyridine nucleotides / oxidized flavoproteins (PN / Fp) ratio in corneal 
endothelium stored in McCarey-Kaufman medium and K-Sol medium. Ratio increased slightly in 
first or second day and then began to decrease. Statistical differences were observed between 
two media only on days 2, 3, and 7 of preservation (P < .0001). 





Fig 5.—Photomicrographs using transmission electron microscopy (TEM) and © 
scanning electron microscopy (SEM) of rabbit corneal endothelium at seven 
days in McCarey-Kaufman medium (A through C) and K-Sol medium (D 
through F). With TEM, cytoplasmic organelles and plasma»membranes appear 
well preserved. With SEM, surface of endothelium shows intact cell borders. 
Horizontal bar represents 25 um (A and D, TEM original magnification X 1350; 
B and E, TEM original magnification X17 750; and C and F, SEM original 
magnification X 1000). 
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began to decrease in both media. The 
PN/Fp ratio in the MK medium 
remained in the same range as the 
initial ratio for the first seven days 
while the PN/Fp ratio in the K-Sol 
medium had statistically lower values 
than the initial value after two days of 
storage. There were significant differ- 
ences P< .0001 of the PN/Fp ratio 
between the two media at 2, 3, and 7 
days of storage. After 14 days, the 
PN/Fp ratio in both media had 
decreased to around 0.3, with a small- 
er SD that decreased to around 0.26 


and the smallest SD at 21 days in both 
media. 

Figure 4 shows the specular micro- 
scopic pictures of the endothelium at 
0, 7, 14, and 21 days of storage in MK 
medium and K-Sol medium. Although 
there were increased haziness and 
dark areas in the corneal endothelium 
with increased storage time, no dras- 
tic differences in cell population den- 
sity and morphological features 
between the two media were observed. 
Table 2 shows the changes of mean 
cell area and coefficient of variation 


Table 2.—Changes of Mean Cell Area and CV of Cell Area as a Function 
of Storage Time in MK Medium and K-Sol Medium * 


MK Medium 


DBD, 


Experimental Mean Cell Area, 


CV of Cell Area 





K-Sol Medium 


LLL, 
Mean Cell Area, 


CV of Cell Area 





* CV indicates coefficient of variation; MK, McCarey-Kaufman. Results are given as mean + SD. 
t Value is statistically different (paired t test, P < .01) from the baseline ratio of the initial day. The number of 


samples was between 50 and 60. 





Fig 6.—Photomicrographs using transmission electron microscopy 
(TEM) and scanning electron microscopy (SEM) of rabbit corneal 
endothelium at 14 days in McCarey-Kaufman medium (top) and 
K-Sol medium (bottom). With TEM, substantial intracellular edema 
in both media is disclosed. By SEM, however, endothelial mosaic 
pattern appears normal. Horizontal bar represents 25 um (A and D, 
TEM original magnification X 1350; B and E, TEM original magnifi- 


X 1000). 


cation X17750; and C and F, SEM Original magnification 


X 1000). 
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Fig 7.—Photomicrographs using transmission electron microscopy (TEM) 
and scanning electron microscopy (SEM) of rabbit corneal endothelium at 
21 days in McCarey-Kaufman medium (top) and K-Sol medium (bottom). 
With TEM, prominent intracellular edema and possibly cellular necrosis in 
both media are seen. This abnormality is not evident by SEM, which 
continues to demonstrate essentially normal surface morphological fea- 
tures (A and D, TEM original magnification X 1350; B and £,°TEM original 
magnification X11000; and C and F, SEM°* Original magnification 


of cell area in MK medium and K-Sol 
medium. The cell area remained in the 
same range of the initial day in both 
media. The coefficient of variation of 
cell area increased statistically from 
the initial values in K-Sol medium 
(P < .01), whereas no statistical dif- 
ference was observed in MK medi- 
um. 

Figures 5 through 7 show the SEM 
and TEM pictures of the endothelium 
stored in MK medium or K-Sol medi- 
um at 7, 14, and 21 days, respectively. 
With SEM, the surface of the mem- 
brane and cell border were main- 
tained for a three-week preservation 
period, and no apparent differences 
were found between the corneas 
stored in the two media. With TEM, 
the intracellular organelles appeared 
almost normal through one week of 
preservation in the corneas in either 
media. During weeks 2 and 3, howev- 
er, the intracellular edema with 
increased endothelial thickness be- 
came prominent in the corneas stored 
in both media. Basically, there were 
no morphological differences (P > .05) 
between the corneas stored in the two 
media. 
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COMMENT 


This study demonstrated that the 
oxidation-reduction state of cultured 
corneas stored in MK medium or K- 
Sol medium ander eye bank condi- 
tions changes measurably with stor- 
age time. 

The mean values of the PN/Fp ratio 
over the inital two-hour storage peri- 
od of the PN’®p ratios of the corneas 
preserved in both MK medium and 
K-Sel medium were statistically equal 
(0.77 + 0.14 ws 0.76 + 0.15, respective- 
ly), indicating that the initial meta- 
bolic state ef the corneas stored in 
either mediam was the same. The 
mean values-ct the ratios over a two- 
hour period er the last day of storage, 
day 21, were also statistically equal 
(0.27 + 0.06 vs 0.26 + 0.05, respective- 
ly), indicatime that after this period, 
the corneas r both MK medium and 
K-Sol medium were in the same, pre- 
sumably less viable, metabolic state. 

An interestmg finding was that in 
abeut half œ the corneas studied in 
each group, the endothelial PN/Fp 
ratio increased slightly for the first or 
second day before it began to progres- 
sively decreas to the 21-day value. 
Further stucies will be required to 
determine wnether this is the result 
of an adaptive mechanism or a 
response to the surgery or other 
causes. 

For each of -he two groups of corne- 
as, the PN/®» ratio, except for the 
initial pertoc ef increase, progressive- 
ly decreased with time. In addition, 
the SD of tke ratio also exhibited a 
tendency to decrease with time, per- 
haps due to = decrease in the level of 
substrate or adenosine diphosphate.’ 
When glycolysis in cytoplasm and oxi- 
dative phesphorylation in mitochon- 
dria are bdlecked due to a lack of 
substrate, the production of nicotin- 
amide-adenine dinucleotide is de- 
creased,’ which would be expected to 
reduce the PNYF»p ratio. 

The behavicr of the two groups of 
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corneas, those stored in MK medium 
and those stored in K-Sol medium, 
over the 2l-day storage period was 
somewhat different. In the MK group, 
the PN/Fp ratio stayed within its 
baseline range for one week, while in 
the K-Sol group, this ratio decreased 
to a value outside the baseline range 
after only two days. In addition, the 
mean values of the ratio for corneas 
stored in MK medium were always 
greater than that for corneas stored 
in K-Sol medium, suggesting that the 
viability of a cornea for a given stor- 
age period was greater in MK medium 
than in K-Sol medium. 

For corneas stored in both MK 
medium and K-Sol medium, their ap- 
pearance was similar by specular mic- 
roscopy, SEM, and TEM for the first 
week of storage. However, computer- 
assisted morphometric analysis of the 
specular microscopic pictures showed 
that the coefficient of variation of cell 
area was statistically different from 
its initial value for corneas stored in 
K-Sol medium, whereas corneas 
stored in MK medium were statis- 
tically the same over the one-week 
storage period. This finding supported 
the metabolic results that the corneas 
stored in MK medium had a larger 
PN/Fp ratio and an increased viabil- 
ity over the first week of storage than 
did corneas stored in K-Sol medium. 

Although specular photographs of 
the entire corneal endothelium could 
not be obtained at two and three 
weeks of storage because of the over- 
all dark appearance of the endotheli- 
um (presumably due to the folding of 
Descemet’s membrane), SEM showed 
the endothelial cells to be normal and 
similar for corneas stored in either 
MK medium or K-Sol medium. The 
pictures obtained using TEM, howev- 
er, showed degenerative changes at 
days 14 and 21 and considerable intra- 
cellular edema. Such degenerative 
changes that would reflect an inacti- 
vation of normal metabolism are con- 
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sistent with the progressive decrease 
of the PN/Fp ratio and a loss of 
viability with staærage time. 

Of concern is whether the results 
might have been different had human 
corneas been used. Certainly the 
expected large variability of the ini- 
tial metabolic states of the human 
corneas that can be obtained for 
research purposes would probably 
make the interpretation of results 
using human corneas difficult. How- 
ever, since both human and rabbit 
corneas have the same metabolic 
pathways and would be expected to 
behave the same general way with 
nutrient depletion, waste product 
accumulation, and other factors that 
are present durmg corneal storage, 
the basic findings should be the same 
for human corneas. Although there 
are a number of reports that K-Sol 
medium preserves the normal mor- 
phological features of the cornea for a 
longer time in sterage than does MK 
medium*" and that corneas stored in 
K-Sol medium are morphologically 
normal after two weeks of storage, 
our results would not support these 
findings. In contrast, our study 
showed a definite morphological dete- 
rioration at twa weeks’ storage in 
K-Sol medium. In:addition, at all mea- 
surement times after the initial peri- 
od, our results showed a decreased 
mean PN/Fp ratio and presumably a 
reduced viability ‘or corneas stored in 
K-Sol medium, as compared with cor- 
neas stored in MK medium. 
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Concentration Change of Fluorouracil in the External 


Segment of the Eye After Subconjunctival Injection 


Masaki Kondo, MD, Makoto Araie, MD 


@ Five milligrams of fluorouracil was 
injected subconjunctivally in the rabbit 
eye, and its concentration changes in the 
cornea, aqueous humor, and conjunctiva 
and sclera (both at the injection site and 
180° away from it) were determined by 
microbiological assay. The fluorouracil 
concentrations in the cornea and the 
aqueous humor averaged about 20 ug/g 
at one hour. The former decreased to 0.5 
ug/g at 24 hours, while the latter was 
0.03 ug/g at ten hours or later. At five 
hours, the fluorouracil concentrations in 
the conjunctiva and sclera at the injection 
site were similar to those 180° away from 
it, both averaging about 2 ug/g. They 
decreased to 0.3 through 0.9 ug/g at 24 
hours. The fluorouracil concentrations in 
the cornea, conjunctiva, and sclera at 24 
hours were still above the reported 50% 
inhibition levels for the cultured conjuncti- 
val fibroblast. These findings have poten- 
tial clinical implications for the safe use of 
fluorouracil. 

(Arch Ophthalmol 
1721) 


1988; 106: 17 18- 


Postoperative subconjunctival fluo- 

rouracil injections have been 
reported to increase the success rate 
of filtering surgery in eyes with poor 
surgical prognoses, without serious 
complications.'* Usually, 5 mg of fluo- 
rouracil is injected subconjunctivally 
on the side 180° away from the surgi- 
cal site, and the drug is thought to 
reach the filtering site by diffusing in 
the subconjunctival space, by being 
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released into the tear film layer,’ or 
by penetrating into the anterior 
chamber*® and then being conveyed 
into the filtering site by the aqueous 
humor flow. Meanwhile, most of the 
fluorouracil injected is thought to be 
absorbed in the surrounding tissues 
without reaching the target site,°° 
causing potentially toxic side effects. 
The most frequently observed com- 
plications of postoperative fluoroura- 
cil subconjunctival injections are 
corneal epithelial defects and con- 
junctival wound leaks,'* which are 
attributable to the drug effects on 
these tissues outside of the filtration 
site.’ Furthermore, it has been report- 
ed that repeated intravitreal injec- 
tions of 1.25 mg of fluorouracil into 
the rabbit eye after lensectomy and 
vitrectomy caused corneal opacifica- 
tion.’ After postoperative injections of 
fluorouracil, serious corneal complica- 
tions were recently reported in four 
patients with preexisting corneal 
abnormalities.’ Sclera complications 
have not been reported so far. Howev- 
er, this does not necessarily indicate 
that the subconjunctival injection of 
fluorouracil has no toxic side effects 
on the sclera. Previously, in an 
attempt to prevent recurrence of pte- 
rygium, mitomycin (mitomycin C), 
another antineoplastic agent that 
inhibits DNA synthesis, had been 
instilled after pterygium surgery.!*'! 
Unfortunately, it was later found that 
this drug caused thinning and perfo- 
ration of the sclera a long time after 
withdrawal of its administration.: 
In an attempt to reduce its toxic 
side effects, reducing the dose of fluo- 
rouracil may be effective, but too 
great a reduction will result in the 
failure to inhibit proliferation of fi- 


broblasts at the filtration site."* In 
view of the toxic side effects of the 
postoperative use of fluorouracil and 
also in adjusting the dose of fluoro- 
uracil to reduce them, it is mandatory 
to know the concentration changes of 
fluorouracil after its subconjunctival 
injection in the ocular tissues, espe- 
cially in the cornea, and in the con- 
junctiva and sclera both at and out- 
side the filtering site. However, previ- 
ous pharmacokinetic studies have re- 
ported only the cornea and tear con- 
centrations of fluorouracil one hour 
after its subconjunctival injection‘ or 
the intracameral and intravitreal pen- 
etration of the subconjunctivally 
injected fluorouracil. To our knowl- 
edge, the concentration changes of 
fluorouracil in the cornea, conjunctiva, 
and sclera have not been reported. 

In this study, the concentration 
changes of fluorouracil after its sub- 
conjunctival injection were deter- 
mined by microbiological assay in the 
cornea, aqueous humor, and conjunc- 
tiva and sclera (both at the injection 
site and 180° away from it). 


MATERIALS AND METHODS 
Animals 


A total of 35 Japanese albino rabbits of 
both sexes that weighed 2.5 through 3.0 kg 
were used. 


Drug 


A solution of 5.0% fluorouracil for intra- 
venous injection (Kyowa Hakko Kogyo Co, 
Ltd, Tokyo) was used throughout the 
present study. The solution had a pH of 8.4 
and osmolality of 865 mosm, and it con- 


tained 5.0% fluorouracil and 8.47% tri- ` 


methamine (tris[hydroxymethy] aminome- 
thane), which was added to enhance the 
solubility of fluorouracil in distilled 
water. ; 
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Experimental Procedure 
Before subconjunctival injection, a rab- 


-bit was anesthetized with 1 g/kg of intra- 


peritoneal urethan, and one drop of 0.4% 
benoxinate (oxybuprocaine) hydrochloride 


Diameter of Zone of Inhibition, mm 


o 3 6 13 25 50 100 200 


Fluorouracil Concentration X 10° ug/g 


Fig 1.—Standerd curve for determination of 
fiuorouracil levei in sample. 





was instilled in the eye to be treated. One 
hundred microliters of fluorouracil solu- 
tion (5 mg) was injected subconjunctivally 
about 4 mm posterior to the limbus in the 
superior temporal quadrant with a 30- 
gauge needle in one eye of an animal. 
Penetration was made through the superi- 
or rectus muscle to prevent reflux, and the 
conjunctival cul-de-sac was well rinsed 
with physiological saline solution. In one 
animal, an inadvertent conjunctival hole 
was made by a needle, and this animal was 
excluded from the study. Six animals were 
killed at 1, 2, and 5 hours; five animals 
were killed at three hours; and four were 
killed at ten and 24 hours after injection. 
Pieces of the bulbar conjunctiva (about 
8 X 8 mm) in the superior temporal quad- 
rant (injection site) and in the inferior 
nasal quadrant (180° away from the injec- 
tion site) were excised from the injected 
eye, blotted, and weighed. Immediately 
thereafter, the injected eye was enucle- 
ated, about 100 uL of aqueous humor was 
withdrawn, and the eye was frozen in the 
carbon dioxide (dry ice) and acetone mix- 
ture. The whole cornea, a piece of the 
anterior sclera (about 8X8 mm) in the 
superior temporal quadrant, and a piece in 
the inferior nasal quadrant were excised 


Fig 2.—Mean fluorouracil concentrations in conjunctiva (closed cir- 
cles) and sclera (closed triangles) at injection site and in conjunctiva 


(open circles) and sclera (open triangles) 180° away from injection site 
after subconiurctival injection of 5-mg fluorouracil. Bars with brackets 


indicate SEM. 
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and weighed. The sampes were stored at 
—80°C until measured, nd the fluoroura- 
cil levels in the samples were determined 
as described below. 

After thawing, each sample was mixed 
with preweighed 0.l-mel/L sterile phos- 
phate buffer at pH 8.0 and the cornea, 
conjunctiva, and sclem samples were 
homogenized separetely and centrifuged. 
Five samples of the aqueous humor, cor- 
nea, conjunctiva, and sclera that were 
obtained from another three rabbits were 
frozen, stored, and processed in the same 
manner to make a biank. The supernatant 
was diluted appropriately, as determined 
by preliminary testing, and the fluoroura- 
cil concentration in it was assayed by an 
agar diffusion assay’ im duplicate. Small 
stainless steel cylindess with an inner 
diameter of 6.0 mm were placed on an agar 
plate made of Mueller-Hinton broth that 
was seeded with Mieroceccus flavus ATCC 
10240. They were inoculated with 300 uL 
of the test materials and incubated for 18 
hours at 37°C, and the diameters of the 
zone of inhibition were measured. Stan- 
dard solutions were prapared by diluting 
the fluorouracil solutien with 0.1-mol/L 
sterile phosphate baffe, and a standard 
curve is shown in Fig 1. 


Fig 3.—Mean fluorouracil concentration in cornea closed circles) and 
aqueous humor (open circles) after subconjunctiva injection of 5 mg of 


fluorouracil. Bars with brackets indicate SEM. 
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Mean Concentration of Fluorouracil After Subconjunctival Injection (5 mg)* 


Hours After Administration, Mean+SEM 


1(6) 2 (6) 
Conjunctivain;, 
ug/g 2374+ 493 


Sclerainj, ug/g 1389 + 293 
Conjunctiva 180°, 


568 + 174 
140+ 47 


ug/g 65.3+ 28.5 


Sclerajgoe, 
ug/g 59.2 + 10.9 


39.4 + 13.2 


27.8+4.9 


Cornea, ug/g 21.3+6.3 3.4+1.1 


Aqueous humor, 


mg/L 19.1+3.5 5.0+0.6 


1.4+0.3 


3 (5) 5 (6) 10 (4) 24 (4) 


88.3+ 17.8 
37.8+17.3 


0.8+0.05 


10.1+5.4 


0.3+0.04 


0.03+0.01 0.03+0.02 





“ Conjunctivainj (sclerajnj) indicates the conjunctiva (sclera) at the injection site; conjunctiva 1g0° (sclera ;go°), 
the conjunctiva (sclera) 180° away from the injection site. The numbers of the eye used at each time point are 
shown in parentheses, and for each tissue, one specimen was obtained from one eye. 


The concentration of fluorouracil in a 
tissue sample was calculated by dividing 
the total amount of fluorouracil in the 
supernatant by the weight of the sample. 
The sensitivity of the method presently 
used was 0.003 mg/L. 


RESULTS 


The results are summarized in the 
Table and Figs 2 and 3. At one hour 
after subconjunctival injection, a con- 
siderable amount of fluorouracil had 
reached the conjunctiva and sclera on 
the side 180° away from the injection 
site. At five hours, the fluorouracil 
concentrations in the conjunctiva and 
the anterior sclera rapidly decreased 
to about 2 ug/g; at five hours, the 
concentrations at the injection site 
were almost similar to those on the 
side 180° away from it. They gradual- 
ly decreased to 0.3 through 0.9 ug/g at 
24 hours. The fluorouracil concentra- 
tion in the cornea averaged 21.3 ug/g 
at one hour; from two to 24 hours 
after the injection, it gradually 
decreased from 3.4 to 0.5 ug/g. The 
fluorouracil concentration in the 
aqueous humor was similar to that in 
the cornea at one and two hours. 
However, ten hours after the injec- 
tion, it averaged 0.03 mg/L, being less 
than 10% of that in the cornea, con- 
junctiva, or sclera. 


COMMENT 


Fluorouracil is subject to metabolic 
activation, and its active metabolites 
contribute to its antiproliferative 
effect, inhibiting thymidylate synthe- 
tase or being incorporated into RNA.’ 
This drug is also subject to catabolism 
via the same pathway as uracil and 
thymidine.’ The measured activity by 
microbiological assay represents ac- 
tive metabolites, but not inactive 
metabolites or degradation products 
of fluorouracil. Thus, the levels of 
fluorouracil determined by microbio- 
logical assay reflect the biological 
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activity of this drug much better than 
levels determined by using radioactive 
materials. According to Rootman et 
alé and Fantes et al,’ who studied 
intraocular penetration of this drug 
using fluorouracil labeled with carbon 
14, the fluorouracil concentration in 
the anterior chamber ranged from 
69.5 to 65.7 mg/L at one hour after the 
subconjunctival injection of 12.5 mg of 
fluorouracil. This figure is not far 
from the present result, 19.1 mg/L one 
hour after subconjunctival injection 
of 5 mg of fluorouracil. However, at 
two hours or later, the fluorouracil 
levels in the anterior chamber, pres- 
ently obtained, were considerably 
lower than those estimated from the 
results of Rootman et al‘; the above 
discrepancy between the present 
results and theirs may indicate that 
two hours or more after the subcon- 
junctival injection, a significant por- 
tion of the radioactivity measured in 
the ocular tissue represents the inac- 
tive metabolites and degradation 
products of fluorouracil. Fantes et al’ 
reported that one hour after the sub- 
conjunctival injection of 12.5 mg of 
fluorouracil, the cornea fluorouracil 
concentration achieved near the injec- 
tion site was 636 mg/L, and that 
achieved farthest from the injection 
site was 71 mg/L. On the other hand, 
one hour after the subconjunctival 
injection of 5 mg of fluorouracil, we 
obtained the mean cornea fluorouracil 
concentration of 21.3 ug/g or 22.4 mg/ 
L, assuming the density of the cornea 
to be 1.05.” The value reported by 
Fantes et al’ is considerably greater 
than the present value. One possible 
explanation for this discrepancy is the 
difference in the leaking of the 
injected fluorouracil. In our experi- 
ment, a 30-gauge needle was used, and 
penetration was made through the 
muscle belly to minimize fluorouracil 
leaking, while Fantes et al’ used a 





25-gauge needle. Thus, as Fantes and 
colleagues’ discussed in their study, it 
is possible that the cornea was bathed 
by fluorouracil leaking through the 
needle track in their experiment. 

It was shown by our study that the 
subconjunctivally injected fluoroura- 
cil rapidly reached the conjunctiva 
and sclera on the side 180° away from 
the injection site, and at five hours, 
the injected fluorouracil distributed 
almost evenly in the bulbar conjuncti- 
va and anterior sclera. This finding 
may be important in applying steroids 
or antibiotic solutions by subconjunc- 
tival injection. Since the drug concen- 
trations in the aqueous humor were 
always much lower than those in the 
conjunctiva and sclera on the side 
180° away from the injection site, the 
transfer of fluorouracil from the 
injection site is not via the anterior 
chamber, but probably by diffusion of 
the fluorouracil solution in the sub- 
conjunctival space. 

In clinical use, fluorouracil is usual- 
ly used in eyes that previously have 
undergone unsuccessful filtering sur- 
geries.'* Thus, subconjunctival scar 
formation would considerably affect 
the subconjunctiva! diffusion of the 
drug, and the amount of fluorouracil 
that reaches the filtering site by this 
route might be considerably different 
from that found in the present study. 
On the other hand, in the eyes with 
filtering surgery, fluorouracil in the 
aqueous humor will easily reach the 
filtering site. 

The fluorouracil concentration for 
50% inhibition of cultured rabbit con- 
junctival fibroblast or human dermal 
fibroblast proliferation (ID,.) was 
reported to range from 0.2 to 0.5 mg/ 
L. The fluorouracil concentration 
in the aqueous humor was maintained 
above the ID, level for at least five 
hours, but at ten hours, it was much 
lower. Because of the difference in the . 
dimension between the human and 
rabbit eye and unpredictable effects 
of postoperative inflammation on the 
ocular penetration of subconjunctival- 
ly injected drugs,” it is difficult to 
estimate the fluorouracil levels in thee 
aqueous humor of the glaucoma post-’ 
operative eye only from the present 
results. However, if the fluorouracil 
levels in the aqueous humor, presently 
obtained, in the rabbit were not great- 
ly different from those in the glauco- 
ma postoperative eye that received 
subconjunctival fluorouracil injec- 
tion, the following conclusion may be. 
suggested: that is, in caSes .in which 
subconjunctival searring due to previ-. - 
ous surgeries is extensive and the 
subconjunctival difusion may be 
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greatly affected, a once daily injection 
of 5 mg of fluorouracil may not be 
enough to be clinically effective. This 
is consistent with the clinical impres- 
sion previously reported.! 

The fluorcuracil levels outside the 
filtration site after subconjunctival 
injection are important in view of the 
toxic side effects. According to Felch- 
lin,’ who measured the densities of 
the ocular tissues in bovine and pig 
eyes, the density was 1.05 for the 
cornea, 1.09 to 1.10 for the sclera, 1.03 
to 1.06 for the uvea, and 1.04 for the 
retina. To our knowledge, no data are 
available en the density of the con- 
junctival tissue, but it would not be 
greatly different from that for the 
uvea or retina. Therefore, the fluoro- 
uracil concentrations in the cornea, 
conjunctiva, and sclera in terms of 
milligrams per liter are thought to be, 
at the most, 10% greater than those 
obtained im tae present study in terms 
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of micrograms per gram. 

It is interesting that in the cornea, 
conjunctiva, and sclera, the loss of 
fluorouracil from the tissue was rath- 
er slow after the first five hours and 
that the drug levels in these tissues 
were still above the IDs, level at 24 
hours. It has been found that fluoro- 
uracil binds to ocular acid-insoluble 
melanin.” As we used albino rabbits, 
the present results cannot be 
explained by the drug binding with 
ocular melanin. It may be possible, 
however, that some of the tissue com- 
ponents other than melanin also bind 
with fluorouracil. Repeated daily sub- 
conjunctival injections of this drug, as 
carried out in postoperative cases,'* 
would further increase the fluoroura- 
cil concentrations in the cornea, con- 
junctiva, and sclera outside the filtra- 
tion site, and they would be main- 
tained above the ID; level for a long 
period. We certainly must be cautious 
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What will you tell her about 
screening mammography? 


Many of your patients will hear about screening 
mammography through a program launched by the 
American Cancer Society and the American College 
of Radiology, and they may come to you with 
questions. What will you tell them? 

We hope you'll encourage them to have a 
screening mammogram, because that, along with 


| amenn AMERICAN Professional Education Dept. 
CANCER National Headquarters 
% 90 Park Avenue 
SOCIETY” New York, New York 10016 


or your local society 


your regular breast examinations and their monthly 
self examinations, offers the best chance of early 
detection of breast cancer, a disease which will strike 
one woman in 10. 


If you have questions about breast cancer - 


detection for asymptomatic women, please contact 
us. 


American 1891 Preston White Drive 
College of Reston, Virginia 22091 - 
Radiology (703) 648-8900 a 





? 


Photo Essay 





Edited by Malcolm N. Luxenberg, MD 


Topical Retinoic Acid Treatment for 
Conjunctival Squamous Metaplasia 


75-year-eld man had a 20-year history 

of a white plaquelike lesion involving 
the temporal tarsal conjunctiva of the low- 
er eyelid (Fig 1.. 

The cause of the lesion was obscure. 
There was ne history of exposure, irrita- 
tion, trauma, or chemical injury. He had 
received ne treatment, and the other eye 
was norma. 

The surface of the lesion was hard and 
irregular and it had caused corneal vascu- 
larization. A soft contact lens was worn to 
relieve diseomfort. 

An excision biopsy specimen of the 
lesion revealed an intense chronic inflam- 
matory infiltrate beneath the epithelium 
that showed extensive squamous metapla- 
sia and keratimization. There was mild 





Fig 1.—Area af conjunctival squamous metaplasia prior to biopsy. 


Fio 3.—Recurrence of metaplasia eight weeks after excision biopsy. 
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dysplasia but no evidence of malignancy 
(Fig 2). 

After biopsy, the area of squamous 
metaplasia recurred within eight weeks 
(Fig 3). 

Treatment with topical 0.05% retinoic 
acid three times daily led to complete 
resolution of the area of metaplasia (Fig 
4). The patient tolerated the treatment 
well and was able to discontinue contact 
lens wear. 


COMMENT 


Normal conjunctiva has a nonkeratiniz- 
ing stratified squamous epithelium that 
contains goblet ce.ls. A change to a kerati- 
nizing epithelium is termed squamous 
metaplasia and may be caused by cica- 


trizing conjunctivitis, keratoconjunctivitis 
sicca, and conjunctival dysplasia. Keratini- 
zation may also be associated with topical 
drug therapy, ocular irradiation, chronic 
infection, and vitamin A deficiency.' 

Vitamin A and its derivatives have a 
profound effect on muceus membrane dif- 
ferentiation. Tretinoin (all-trans-retinoic 
acid) is the acid form of all-trans-retinol, 
or vitamin A. It is of value in the manage- 
ment of squamous metaplasia.” 

The patient showed a dramatic response 
to retinoic acid used topically for long- 
standing squamous metaplasia. Nine 
months later there was still no recur- 
rence. 

MICHAEL E. NELSON, FRCS 
Sheffield, England 


References 


1. Maumenee AE: Keratinization of the con- 
junctiva. Trans Am Ophthalmol Soc 1979;77:133- 
143. 

2. Hebort CP, Zografos L, Zwingli M, et al: 
Topical retinoic acid in dysplastic and metaplas- 
tic keratinization of the cerneoconjunctival epi- 
thelium. Graefes Arch Clin Exp Ophthalmol 
1988;226:22-26. 

3. Tseng SCG: Topical tretinoin treatment for 
dry-eye disorders. Int Ophthalmol Clin 1987; 
27:47-53. 


Fig 2.—Biopsy specimen of lesion. There is marked keratinization and 


subepithelial chronic inflammatory infiltrate (hematoxylin-eosin, original 


magnification X45). 


Fig 4.—Complete resolution after two weeks of topical retinoic acid 


treatment. 
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Surgical Technique 


Orbital Surgery 


The Technique of Coronal Scalp Flap Approach 


to the Lateral Orbitotomy 


William B. Stewart, MD; Peter S. Levin, MD; Bryant A. Toth, MD 


@ Lateral orbitotomy may be per- 
formed using a coronal scalp flap to pro- 
vide exposure of the lateral orbital wall 
and rim. A coronal incision is made across 
the scalp. The scalp flap is developed 
anteriorly to expose the orbital margin 
from the superior orbital rim to the zygo- 
matic arch. The temporalis muscle is dis- 
sected from its bony attachments and 
bluntly retracted, providing maximal 
exposure of the lateral orbital wall. The 
orbitotomy proceeds as required. The 
case concludes with a layered closure. In 
selected patients, the coronal scalp flap 
provides improved exposure and postop- 
erative aesthetics compared with ap- 
proaches in which the skin and muscle 
layer are incised directly over the lateral 
orbit. Complications are infrequent. 

(Arch Ophthalmol 1988;106:1724- 
1726) 


J ateral orbitotomy is a surgical 
approach to the orbit of well- 
recognized usefulness and applica- 
tion.'* Usually, the lateral orbital wall 
is exposed by a skin incision extending 
from the lateral canthus® or by a 
curvilinear incision along the superior 
and lateral orbital rims.*’ The coronal 
scalp flap, which allows an alternative 
method for gaining the exposure 
required for lateral orbitotomy, has 
been widely applied to aesthetic sur- 
gery, to the reconstruction of congeni- 
tal craniofacial abnormalities, and to 
the management of complex traumat- 
ic and neoplastic abnormalities of the 
head. 
This approach to the orbit and 
facial structures has become increas- 
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ingly useful to oculoplastie surgeons. 
Effective correction of brow ptosis 
combined with forehead elevation has 
been well described using a coronal 
flap.* The coronal scalp flap is utilized 
in surgical myectomy for treatment of 
blepharospasm.” In conjunction with 
orbital and facial reconstructive sur- 
gery, the coronal scalp flap provides 
exposure of the skull allowing har- 
vesting of cranial bone that may pro- 
vide split- or full-thickness autoge- 
nous membranous bone grafts for 
reconstruction of the orbit, forehead, 
and midface.'' We describe a tech- 
nique using the coronal scalp flap to 
provide exposure for lateral orbitoto- 
my. 


TECHNIQUE 


A 1- to 2-em strip of hair is first cut with 
scissors then shaved over the scalp in the 
site of the proposed incision, usually 3 to 4 
cm posterior to the hairline. The entire 
scalp is not shaved. Sterile preparation is 
done using povidone-iodine (Betadine) 
wash and “paint.” Cloth drapes can be 
sewn or stapled to the scalp to define the 
posterior aspect of the surgical field. The 
anterior aspect of the operative field is 
defined with adhesive drapes. Subcutane- 
ous injection of 0.5% to 1.0% lidocaine 
hydrochloride (Xylocaine) with 1:100 000 or 
1:200000 epinephrine bitartrate is made 
beneath the proposed skin incisions to aid 
hemostasis. An above-the-ear to above- 
the-ear incision is made across the scalp 
and carried deep to the level of the galea 
aponeurotica, avoiding incision of the tem- 
poralis fascia superiorly and attempting to 
stay above the location of seventh nerve 
fibers as they cross the posterior aspect of 
the zygomatic arch. The “hot knife” or the 
cutting or blended current (cutting-coagu- 
lation) of the electrocautery unit can be 
useful. The scalp flap is developed anteri- 
orly and retracted over the face to expose 
the orbital margin from the superior orbit- 
al rim to the level of the zygomatic arch, 
preserving the supraorbital vessels and 
nerves (Fig 1). 


The temporalis muscle is then disin- 
serted from its bony attachments, leaving 
a tuft of tissue that allows reattachment of 
the muscle at the conclusion of the proce- 
dure (Fig 2, left). The muscle is bluntly 
retracted posteroinferiorly, exposing the 
bony fossa (Fig 3). Developing the tempo- 
ralis muscle dissection prior to defining 
the bone of the zygomatic arch or dissect- 
ing the superficial temporalis fascia above 
the zygomatic arch provides additional 
protection to seventh nerve fibers crossing 
the arch. The periosteum is incised 2 mm 
behind and parallel to the lateral orbital 
margin carrying the inferior extent of the 
incision posteriorly on the body of the 
zygoma toward the zygomatic arch. Only 
the most anterior portion of the arch need 
be exposed. The periosteum is stripped 
toward and into the orbital cavity. A rib- 
bon retractor is placed within the lateral 
orbit to protect the eyeball and orbital 
contents, and an air-driven drill is used to 
make drill holes on both sides of intended 
superior and inferior bony incisions. The 
sagittal airpowered saw is used to incise 


Fig 1.—Strip of hair is trimmed posterior to 
hairline. Coronal scalp incision allows mobili- 
zation of scalp anteriorly, exposing temporalis 
muscle, superior orbital rim, and lateral orbital 
rim to level of zygomatic arch. 
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Fig 2.—Left, Temporalis muscle is disinserted from its bony attach- Fig 3.—Exposure of lateral orbital rim (LR), superior orbital rim (SR), 
ments and retracted posteriorly. Right, After drill holes are placed, and skull provided by coronal scalp flap. Temporalis muscle (TM) is 
air-powered saw is used to incise lateral orbital rim and wall superiorly dissected from its attachment in cranial bone. Lateral orbital rim is fully 
inferiorly. Beny fragment is gently rocked and removed. Osteotomy can exposed. Superior orbital rim is also exposed as scalp flap (Flap) is 


be enlarged with rongeurs or burr. 
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retracted anteriorly. 











Fig 4.—Optic nerve glioma and massive pro- 
ptosis preoperatively (top) in 9-year-old girl. 
After coronal approach to lateral orbitotomy 
and resection of tumor, coronal scar is con- 
cealed by hair-bearing scalp, and no visible 
lateral orbitotomy scar remains (bottom). 
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the bony lateral orbital rim at the superior 
and inferior aspects. The inferior bone 
incision is made at the level of the zygo- 
matic arch and the superior cut is made 
from one to several centimeters above the 
frontozygomatic suture as indicated by the 
operative needs and anatomy. It is impera- 
tive that the extent of the frontal sinuses 
be known. The bony fragment, after it is 
incised with the saw, is gently rocked until 
the thin bone in the fossa of the temporalis 
muscle fractures (Fig 2, right). The bony 
fragment is removed and kept in warm 
saline or lactated Ringer’s solution. Bone 
can be removed more posteriorly with ron- 
geurs or an air-powered burr. The periorbi- 
ta is thus exposed. It is then sharply 
opened in a T incision. The anterior and 
posterior aspect of the incision is usually 
at the upper aspect of the lateral rectus 
muscle, beneath the lacrimal gland. Orbit- 
al dissection then proceeds as dictated by 
the character of the specific orbital lesion 
being approached. The head-mounted 
loupe with fiberoptic light source or oper- 
ating microscope is used as necessary. A 
bridle suture beneath the lateral rectus 
muscle may aid in retraction or exposure. 

Following completion of the deep dissec- 
tion, hemostasis is achieved. A bipolar 
cautery is recommended for deep orbital 
electrocautery. The periorbita is closed 
with absorbable sutures, except for its 
posterior aspect which remains open to 
allow drainage. 

Bony closure of the orbitotomy is usually 
done with nonabsorbable suture, rather 
than wire, to minimize problems with post- 
operative computed tomographic or mag- 
netic resonance imaging studies. The tem- 
poralis muscle is reattached to its cranial 
origin with absorbable sutures such as 4-0 
polyglycolic acid. The deep scalp closure is 
done with 4-0 or 5-0 polyglycolic acid 
sutures. The skin is closed with running 5-0 
nylon or polypropylene suture, or with 
staples. A suction drain, which is usually 
placed beneath the scalp flap and into the 
fossa of the temporalis muscle, is with- 
drawn through a separate incision posteri- 
or to the scalp incision. Scalp dressing 
consists of a nonadherent absorbent (Tel- 
fa) or Xeroform gauze on the incision. A 
scalp dressing and gauze wrapping with 
self-adhesive head wrap are applied. An 
eye dressing is usually employed. 


1. Henderson JW: Orbital Tumors. New York, 
Brian C Decker, 1980, pp 580-596. 

2. Wright JE: Surgical exploration of the 
orbit, in Stewart WB (ed): Ophthalmic Plastic 
and Reconstructive Surgery. San Francisco, 
American Academy of Ophthalmology, 1984, pp 
309-315. 

3. Krohel GB, Stewart WB, Chavis RM: Orbital 
Disease: A Practical Approach. New York, Grune 
& Stratton, 1981, pp 103-111. 

4. McCord CD Jr: Surgical approaches to orbit- 
al disease, in McCord CD Jr, Tanenbaum M (eds): 
Oculoplastic Surgery. New York, Raven Press, 
1987, pp 257-278. 

5. Cooper WC Harris GJ: Orbital surgery, in 
Jones IS, Jakobiec FA (eds): Diseases of the Orbit. 
New York, Harper & Row Publishers Ine, 1979, 
pp 581-604. 


1726 


Arch Ophthalmol—Vol 106, Dec 1988 


Prophylactic intravenous antibiotics are 
usually employed intraoperatively. The 
head dressing is removed in 24 hours. The 
drain is removed in 24 to 48 hours, when a 
diluted peroxide hair washing is done. The 
scalp wound is dressed twice daily with 
antibiotic ointment. A stockinette cap, 
clean bandanna, or sometimes no dressing 
is employed. The skin sutures are removed 
in seven to ten days. 

COMMENT 


Although the serious nature of 
orbital processes that warrant surgi- 
cal intervention usually renders aes- 
thetics a relatively minor consider- 
ation, the lateral orbitotomy scar may 
complicate an otherwise excellent sur- 
gical result and, in some cases, com- 
promise surgical exposure. Even with 
skin incision along laugh lines and 
meticulous attention to proper closure 
of the wound, disfiguring scarring 
may occur in any patient. In younger 
patients in whom hypertrophic heal- 
ing is more common, the problems are 
compounded since there are less well- 
defined “laugh” lines in which to con- 
ceal skin incisions, and facial scars 
may be of increased social and devel- 
opmental importance (Fig 4). 

The coronal scalp flap, widely used 
to gain exposure to the forehead and 
midface, allows access to the lateral 
orbital wall and rim by a skin incision 
that is concealed by hair-bearing 
scalp. To the best of our knowledge, 
this approach to the orbit was first 
described by Bonavolonta” of Italy. In 
addition to improved aesthetics in 
selected patients, the coronal ap- 
proach allows considerable mobiliza- 
tion of the temporalis muscle and 
excellent visualization of the bony 
temporalis fossa. Extensive orbital 
lesions that involve the apex and may 
include the lateral and superior orbit- 
al walls and contiguous bone are par- 
ticularly well suited to this surgical 
approach since the entire surgical 
field is readily exposed. The approach 
is well suited to the transcranial 
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approach to the orbit for removal of 
apical and extensive orbital lesions as 
described by Maroon and Kenner- 
dell. Although the improved expo- 
sure that the coronal approach to the 
orbit provides does not necessarily 
influence the size of the surgical bony 
orbitotomy, maximal visualization of 
the bony landmarks is obtained. 

When the orbital lesion to be 
approached is suspected to be malig- 
nant, the risk of contamination of the 
soft-tissue pathway of entry to the 
orbit may be of concern. A local inci- 
sion rather than the scalp flap 
approach may be preferable. This 
allows determination of a histopatho- 
logic diagnosis with minimal risk of 
violation of adjacent tissues. When 
the diagnosis is secure, the needs of 
adequate exposure of bony and soft 
tissues for proper surgical treatment 
prevail. 

Complications of the coronal flap 
are rare. As the flap is extended later- 
ally, the temporal branch of the facial 
nerve lies within the flap. Many 
patients report temporary paresthe- 
sia of the anterior part of the scalp 
and partial loss of facial expression. 
To minimize the potential risk of inju- 
ry to seventh nerve fibers, care must 


be exercised in developing the dissec- l 


tion, retracting the flap, and using 
cautery in the region of the zygomatic 
arch. A linear scar remains after heal- 
ing that can beeome visible if the 
patient’s hairline recedes. Focal loss 
of hair, hematoma, skin necrosis, and 
infection are rare, 101415 

The coronal approach to the lateral 
orbitotomy provides excellent cosme- 
sis and surgical exposure. This 
approach should be tailored to the 
needs and desires of the patient and 
needs to be a part of the repertoire of 
the orbital surgeon. 


This investigation was supported in part by a 
grant from the Pacific Vision Foundation, San 
Francisco. 
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Howarp UNIVERSITY COLLEGE OF MEDICINE 
Division of Ophthalmology 

In cooperation with 

St. Croix Hospital 


presents | 





CARIBBEAN | 
GLAUCOMA | 
SYMPOSIUM | 


March 17-18, 1989 
y St. Thomas, U.S. Virgin Islands 


Guest Faculty Includes: 
Kevin Greenidge, M.D.— New York, N.Y. 
Exe Higginbotham, M.D.— Chicago, Ill 
Juan Nevarez Marrero M.D.—Rio Peidras, Puerto Rico 
Themas Richardson, M.D.—Boston, MA 
Arthur Schwartz, M.D.— Washington, D.C. 
M. Roy Wilson, M.D.—Los Angeles, CA 
Thom Zimmerman, M.D.-—Louisville, KY 


For information write: 
Mrs. Mary Bryant 
Howard University Hospital Division of Ophthalmology 
2041 Georgia Avenue, N.W. 
Washington, D.C. 20060 
(202) 865-1257 
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UNIVERSITY OF CALIFORNIA, 
DAVIS 


FULL-TIME FACULTY POSITION 
ASSISTANT /ASSOCIATE PROFESSOR LEVEL 


VITREO-RETINAL DISEASE & SURGERY 


Responsibilities include patient care, teaching and 
a strong commitment to investigational research 
which would include having or considering an NIH 
RO1 Grant. Applicants should nave completed 
subspecialty fellowship training, be Board eligible 
or certified, and eligible for licensure in the State 
of California. Please send curriculum vitae and the 
names of five references to: 


John L. Keltner, M.D., Caairman, 
Department of Ophthafnology 
University of California, Davis 


or 
Maurice B. Landers, III M.D., 
Director, Retina Service 
1603 Alhambra Boulevard 
Sacramento, CA 95816 


Closing date for applications is December 31, 
1988. The University of California is an equal 
opportunity /affirmative action employer. 
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Continuing Medical Education 


Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is updated 
monthly and provides an easy reference to continuing medical education ( CME) courses. 
Accredited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities 
for inclusion in the list free of charge. Listings will be published for three consecutive 
months and should be received at least two months prior to date of course, eg, by Jan 1 to be 
included in the March, April, and May issues. A course held between the first and 14th 
days, inclusively, will appear in the preceding month’s issue. The listing cannot be 
published unless it contains the following information: title, location. date(s), sponsor(s), 
and contact address. Optional information includes CME category 1 hours of instruction, 
registration fee, and guest speakers, Listings should be typed double-spaced with 2-in left 
and right margins. Send submissions to Cinda Gislason, Archives of Ophthalmology, CME, 
1855 W Taylor St, Chicago, IL 60612. Readers are encouraged to contact the accredited 
sponsor for more detailed information. 


ARIZONA Maloney Contact: Louise Ball, Box J, South 


Pasadena 91030-0590; (213)680-2387 
Fifteenth Ann Frontiers in Ophthalmol At: Scotts- 


dale Dates: 2/9/89 to 2/11/89 Hrs Instr: 1 Fifty-eighth Clin Conf Res Study Club of Los 





Sponsor: St Luke’s Med Ctr, Prentice Eye Inst 
Contact: Christine Campbell, Campbell Mtg 
Management, 4659 S Lakeshore Dr, Suite D, 
Tempe 85282; (602)838-6728 


CALIFORNIA 


Fifty-eighth Ann Mid-Winter Ophthalmol Clin 
Conf At: Los Angeles Dates: 2/10/89 to 2/12/89 
Hrs Instr: 18 Reg Fee: $295 ($350 after 1/1/89) 
prac phys, $160 residents & retired phys Spon- 
sor: Res Study Club of Los Angeles Guest 
Speakers: Carmen A. Puliafito, David J. 
Schanzlin, Frederick A. Jakobiec, William F. 


Angeles At: South Pasadena Dates: 2/10/89 to 
2/12/89 Contact: Res Study Club, Box J, South 
Pasadena 91030 


Eighth Ann Squaw Valley Retinal Symp At: 
Tahoe City Dates: 2/5/89 to 2/9/89 Hrs Instr: 
16 Reg Fee: $360 Contact: James W. Wells, Jr, 
MD, Retina, Univ of California, Davis, 3939 J 
St, Suite 210, Sacramento 95819:(916)454- 
4861 


COLORADO 


Advanced Aspen Anterior Segment Sem At: 
Aspen Dates: 2/27/89 to 3/3/89 Contact: Shar- 








THE BASCOM PALMER EYE INSTITUTE 


UNIVERSITY OF MIAMI SCHOOL OF MEDICINE 


DEPARTMENT OF OPHTHALMOLOGY 
presents a course entitled: 


PROBLEM ORIENTED APPROACH TO VITREOUS SURGERY 


February 27-March 1, 1989 
Biscayne Bay Marriott Hotel 
Miami, Florida 
University of Miami Faculty 


George Blankenship, M.D. 
Sandra Frazier-Byrne 
Elaine Chuang, M.D. 
John Clarkson, M.D. 
Harry Flynn, M.D. 


Guest Faculty 
Mark S. Blumenkranz, M.D. 
Kresge Eye Institute 
William Beaumont Hospital 
Royal Oak, Missouri 
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Hotel. 


This course has been approved for 12.5 hours in Category | AMA credit, with an additional 2 hours for- HN gboratory 


session. 


To register please send check in the appropriate amount payable to: “Continuing Education in Ophthalmology, Inc.” and mail to: 
01. Telephone: 305/326-6099. 


Bascom Palmer Eye Institute, P.O. Box 015869, Miami, Florida 331 





This course is designed for practitioners in ophthalmology who are either performing vitreous surgery actively or who want to- 
become further informed about the advances in vitreoretinal surgery. This course is meant to foster extensive interactions « 
between the course participants and the course faculty, this interaction will be enhanced by the allocation of multiple discussion 
periods as well as case presentations to the faculty panel. A practical laboratory session is offered for an additional $100. 
Registration fee is $350 for all lectures. Registration fees include all course materials, coffee breaks, lunch on February 27 and % 
28 and a reception on Monday evening, February 27, 1989. Special rates have been obtained at the Biscayne Bay Marriott 





lee Dodd, Dulaney Eye Foundation, Box 2337, 
Sun City, AZ 85373; (602)933-3845 


Ninth Ann Meet Aspen Corneal Soc At: Snow-. 
mass Dates: 2/18/89 to 2/25/89 Reg Fee: $325 
before 1/1/89, $375 after 1/1/89 Speakers: 
Jerry Shields, MD; Michael Lemp, MD; Thomas 
Wood, MD; Peter Laibson, MD; Roger Meyer, 
MD Contact: Mitchell H. Friedlaender, MD, 
Div of Ophthalmol, Scripps Clinic and Res 
Found, 10666 N Torrey Pines Rd, La Jolla, CA 
92037; (619)455-9100 


Colorado Ophthalmol Soc Ann Mid-Winter Sem 
At: Vail Dates: 1/21/89 to 1/25/89 Hrs Instr: 16 
Contact: Carol Goddard, Box 4834, Englewood 
80155; (303)770-6048 


Sixth Ann Wilmer Inst Current Concepts in Oph- 
thalmol At: Vail Dates: 3/18/89 to 3/25/89 Hrs 
Instr: 30 Reg Fee: $475 prac phys, $325 resi- 
dents & fellows Contact: Prgm Coordinator, 
CME, The Johns Hopkins Med Inst, Turner 22, 
720 Rutland Ave, Baltimore, MD 21205; 
(301 )955-2959 


FLORIDA 


Keratorefractive Surg, Cataract & Implant Surg, 
& Prac Ocular Plastic Surg At: Fort Lauder- 
dale Dates: 12/27/88 to 12/29/88 Contact: 
Marvin L. Kwitko, MD, 5591 Céte Des Neiges 
Rd, Suite 1, Montreal, Quebec, Canada H3T 
1Y8; (514)735-1133 


Sixth Ann Florida Winter Workshop At: Holly- 
wood Dates: 12/27/88 to 12/29/88 Reg Fees: 
$250 ($300 after 12/1/88) ophthalmologists, 
$150 senior ophthalmologists (over 65 yrs), 
$500 phakoemulsification/implant wet lab, $75 
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Don Nicholson, M.D. 

Guy E. O'Grady, M.D. 
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Jean-Marie Parel, Ing. ETSG 










Wayne Fung, M.D. 
Pacific Medical Center 
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DID Wills Eye Hospital 


announces 


The Fourteenth Annual 
Ophthalmology Keview Course 


March 18-22, 1989 
The Sheraton Society Hill Hotel 
Philadelphia, PA 


5 6 F's 
12 13 14 15 
19 20 21 22 
26 27 28 29 


Guest Speaker 
David L. Guyton, M.D. 


Associate Professor of Ophthalmology 
The Wilmer Ophthalmological Institute 
Johns Hopkins University 
Baltimore, Maryland 


Peter J. Savino, M.D., Course Director 
Faculty & Topics 


Tapic 

Corneal & External Diseases 
Retina & Vitreous 

Anatomy & Embryology 
Ocular Pathology 

Bueitis 

Orbit, Eyelid & Lacrimal System 


Optics & Refraction 

Physiology 

Pharmacology & Therapeutics 
Pediatric Ophthalmology & Strabismus 
MNeuro-Ophthalmology 

Ocular Tumors 

Glaucoma 


Further Information: 
Wills Eye Hospital 


Bepartment of Continuing Medical Education 


Ms. Lucia M. Manes 
Sth & Walnut Streets 


| Philadelphia, PA 19107 


e 215 2865578 


Faculty 
Juan J. Arentsen, M.D. 
William E. Benson, M.D. 
Gary C. Brown, M.D. 
Ralph C. Eagle, Jr., M.D. 
David H. Fischer, M.D. 
Joseph C. Flanagan, M.D. 
and Mary A. Stefanyszyn, M.D. 
David L. Guyton, M.D. 
Joseph I. Markoff, M.D. 
Marlene R. Moster, M.D. 
Leonard B. Nelson, M.D. 
Peter J. Savino, M.D. 
Jerry A. Shields, M.D. 
Richard P. Wilson, M.D. 


Tuition Fee: 
$600 Practicing Physicians & Fellows 
$300 Residents 

(with Letter from Program Chairman) 
Continuing Education Credits: 
This course is eligible for 41 credit hours in 
Category 1 of the Physicians’ 
Recognition Award of the AMA 
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nurses, $25 students, $75 residents Contact: Dr 
Marvin L. Kwitko, Prgm Chairman, 5591 Côte 
des Neiges Rd, Suite 1, Montreal, Quebec, 
Canada H8T 1Y8; (514)735-1133 


Problem-Oriented Approach to Vitreous Surg At: 
Miami Dates: 2/27/89 to 3/1/89 Hrs Instr: 12.5 
(2 hrs for lab session) Reg Fee: $350, $100 prac 
lab Contact: Continuing Education in Oph- 
thalmology Inc, Bascom Palmer Eye Inst, Box 
015869, Miami 33101; (305)326-6099 


Oculoplastic Update 1989 At: West Palm Beach 
Dates: 1/14/89 to 1/15/89 Hrs Instr: 9 Reg Fee: 
$215 Sponsor: Good Samaritan Health Sys- 
tems Inc Contact: Laura Lyons, Box 024308, 
West Palm Beach 33402-4308; (407)655-5511 


HAWAII 


First Ann Ophthalmol Sem: Glaucoma & Optic 
Nerve Dis for the Gen Ophthalmologist At: 
Honolulu Dates: 2/11/88 to 2/18/88 Hrs Instr: 
33 Reg Fee: $600 Contact: Hawaii Pacific Med 
Sem, 1600 Ala Moana Blvd, Suite 1902, Honolu- 
lu 96815; (800)248-9248 


Tenth Ann Royal Hawaiian Eye Mtg At: Kauai 
Dates: 1/14/89 to 1/21/89 Sponsor: Hawaiian 
Eye Found Contact: RHEM ’89, Mary Charles 
& Associates, 2334 S King St, Suite 205, Hono- 
lulu 96826; (808)942-9655 


ILLINOIS 


Seventh Ann Clin Challenges Day At: Chicago 
Date: 3/15/89 Hrs Instr: 7 Reg Fee: $50 Con- 
tact: Clin Challenges Day Registrar, Conf and 
Inst (M/C 607) Univ of Illinois at Chicago, Box 
6998, Chicago 60680; (312)996-5225 


LOUISIANA 


Ann Mtg Contact Lens Assoc of Ophthalmol At: 
New Orleans Dates: 1/18/89 to 1/21/89 Con- 
tact: Mtg Registrar, CLAO, 523 Decatur St, 
Suite 1, New Orleans 70130; (800)821-0787 or 
(504)581-4000 


Thirty-eighth Ann Symp on Pediatric Ophthal- 
mol, Strabismus, & Oculoplastic Surg At: New 
Orleans Dates: 3/3/89 to 3/5/89 Hrs Instr: 22 
Reg Fee: $350 prac phys ($400 after 1/1/89) 
Contact: Emily Busby, New Orleans Academy 
of Ophthalmol, Eye, Ear, Nose & Throat Hosp, 
2626 Napoleon Ave, Suite 2076, New Orleans 
70115; (504)899-9955 


MASSACHUSETTS 


Neurology of the Anterior Visual Pathway At: 
Boston Date: 12/17/88 Contact: Harvard Med 
School, Dept of CME, Boston 02115; (617)732- 
1525 


Solving Cornea Dilemmas At: Boston Date: 3/ 
18/89 Sponsor: Massachusetts Eye and Ear Inf 
& Harvard Med Sch Contact: Harvard Med 
Sch, Dept of CME, Boston 02115; (617)732- 
1525 


Eighteenth Ann Course in Prac Aspects of Pho- 
tocoagulation At: Boston Dates: 3/30/89 to 
4/1/89 Hrs Instr: 16(Full Course) 10(Didactic 
Course) Reg Fee: $500(Full Course) $300 (Di- 
dactic Course) Contact: J. Wallace McMeel, 
MD, Attn: Ms J. Cerone, 100 Charles River 
Plaza, Boston 02114; (617)532-7810 


MICHIGAN 


Twelfth Ann Ophthalmol Rev Course At: Detroit 
Dates: 3/9/89 to 3/14/89 Reg Fee: $550 prac 


a Fr a nA i a 


phys, $400 residents & fellows Contact: Div of 
CME, Wayne State Univ Sch of Med, 4201 St 
Antoine, 4H-2, Detroit 48201; (313)577-1180 


NEW YORK 


Fifth Ann Live-Video Ophthalmic Plastic Surg 
Workshop: The Masters of Ophthalmic Plastic 
Surg At: New York Dates: 3/10/89 to 3/11/89 
Contact: Ophthalmol Course Coordinator, 
Manhattan Eye, Ear & Throat Hosp, 210 E 
64th St, New York 10021 


PENNSYLVANIA 


Fourteenth Ann Ophthalmol Rev Course At: 
Philadelphia Dates: 3/18/89 to 3/22/88 Hrs 
Instr: 41 Reg Fee: $600 prac phys, $300 resi- 
dents Contact: Lucia M. Manes, Dept of Cont 
Med Educ, Wills Eye Hosp, 9th & Walnut 
Streets, Philadelphia, PA 19107; (215)928- 
3378 


TEXAS 


Clin Adv in Ophthalmo! for the Prac Ophthalmol- 
ogist At: Houston Dates: 3/17/89 to 3/19/89 
Contact: Carol J. Soroka, Office of Continuing 
Education, Baylor Coll of Med, One Baylor 
Plaza, Houston 77030; (713)798-6020 


UTAH 


Seventh Ann Park City Oculoplastic Meet At: 
Park City Dates: 2/11/89 to 2/18/89 Reg Fee: 
$375 Contact: Jeffrey C. Popp, 8300 Dodge St, 
Suite 200, Omaha, NE 68114; (402) 391-4558 
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FIFTY-EIGHTH ANNUAL 


MID-WINTER OPHTHALMOLOGY CLINICAL CONFERENCE 


Sponsored by the 


RESEARCH STUDY CLUB OF LOS ANGELES 


Friday to Sunday e February 10-12, 1989 
Moseley/Salvatori Conference Center 
637 South Lucas, Los Angeles, California 90017 


GUEST FACULTY 


CARMEN A. PULIAFITO, M.D., Boston, MA 
DAVID J. SCHANZLIN, M.D., St. Louis, MO 
FREDERICK A. JAKOBIEC, M.D., New York, NY 
WILLIAM F. MALONEY, M.D., Vista, CA 


The three-day scientific program is designed for the ophthalmologist in clinical practice to provide an update on recent 


developments in the specialty. The program format consists of lectures, panel discussions, and luncheon question and 


answer sessions with the faculty. Physicians attending this course may report up to 18 hours of Category I credit toward 
the CMA Certificate in Continuing Education and the AMA Physicians Recognition Award. 


Registration fee: $295 for practicing physicians if received before January 1, 1989; $350 after that daté. ` 


JAMES SALZ, M.D., Program Chairman 3 
ANTHONY NESBURN, M.D., Co-program Chairman 


(Military physicians pay the same fee as practicing physicians) 


$160 for resident physicians, retired physicians 


For further information on registration, hotel reservations, or exhibits, contact: he 


Ms. Louise Ball, Executive Secretary 


P.O. Box J, South Pasadena, CA 91030-0590, or call (213) 680-2387 


7th Annual 
PARK CITY OCULOPLASTIC MEETING 


Topic: “STATE OF THE ART IN OPHTHALMIC 
& FACIAL PLASTIC SURGERY” 


Dates: Feb. 11-18, 1989 Place: Yarrow Resort Fee: $375 
y Park City, Utah 





Co-chairmen: 
Jeffrey C. Popp, M.D. Robert M. Dryden, M.D. 
University of Nebraska Medical Center University of Arizona 


Creighton University 
Faculty to Include: 


Plastic Surgery Jackson Iliff, M.D. Dermatology 

William Casey, Jr., M.D. Nicholas lliff, M.D. Roger Ceilley, M.D. 

Ivo Pitanguy, M.D. John Kennerdell, M.D. W. David Jacoby, Jr., M.D. 
Qphthalmology Fay Millett, M.D. Paul Weber, M.D. 

Joe Arterberry, M.D. Byron Smith, M.D. Otolaryngology 

Jan Berlin, M.D. Ralph Wesley, M.D. Calvin Johnson, M.D. 

Todd Beyer, M.D. Allan Wulc, M.D. Mark May, M.D. 


Bernice Brown, M.D. 


CME Category | credit 


For further information, contact: Jeffrey C. Popp, M.D., Oculoplastic Surgery, P.G 
8300 Dodge St., Suite 200, Omaha, NE 68114 Phone (402) 391-4558 


5th Annual | The Masters V7 


ne yeaa of Ophthalmic Li 


Plastic Surgery | Plastic Surgery 


Workshop Lacrimal, Eyelid 
& Orbital Surgery 


Friday & Saturday e March 10-11, 1989 


COURSE DIRECTORS: 

Richard D. Lisman, M.D., Murray Meltzer, M.D.. 
Rene Rodriguez-Sains, M.D., Byron Smith. M.D 
STAFF SURGEONS: 

Frederck Jakobiec. M.D., Albert Hornblass, M.D., 
Byron Smith, M.D 

INSTRUCTORS 

BryanArthurs. M.D.. Edward Bedrossian. Jr.. MD. 











Steven Gilbard. M.D.. Kenneth Hyde. M.D.. 
Dorald McDonald. M.D.. Philip Silverstone. M.D Manhattan 
d 
INVITED SURGICAL “MASTERS”: Eye, Ear & Throat Hospital 
A Jam Berlin. M.D.. Richard Dortzbach. M D.. Allen Putterman. M D ? 10 East 64th Street. 
CURRICULUM: 
1.. ————_- Bu |: 5 igs os New York, 10021 
* This course will cover the major topics in ophthalmic plastic surgery that coincide 
with the*major areas of expertise of our invited Master surgeons. These topics will be LIMITED REGISTRATION 
informally taught ecture and live surgery. 
a Orbital anf Lacrimal Surgery d. Ectropion & Entropion Correction CONTACT 
b Blephafplasty e. Cryosurgery Ophthalmology Course Coordinator 
c PtoS Surgery f. Socket Surgery Manhattan Eye, Ear & Throat Hospital 


Participants are allowed free access to OR’s. teaching classroooms and simulcast video. 210 East 64th Street, NYC. NY 10021 


177 








1732 


(Continued from p 1730.) 
WASHINGTON 


Laser Imaging & Photoeffects in Ophthalmol At: 
Los Angeles Dates: 1/15/89 to 1/20/89 Con- 
tact: SPIE, OE/LASE ’89 Med, Box 10, Belling- 
ham, WA 98227; (206)676-3290 


WISCONSIN 


Laser for Common Fundus Dis: A Workshop on 
the Why, When, & How of Treatment At: 
Madison Dates: 11/18/88 to 11/19/88 Hrs Instr: 
17 Contact: Cathy Means, CME, 2715 Marshall 
Ct, Madison 53705; (608)263-6637 


FOREIGN 


Fifteenth Ann Mtg Canadian Implant Assn At: 
Montreal Dates: 6/2/89 to 6/3/89 Contact: 
Marvin L. Kwitko, MD, Prgm Chairman, 5591 
Côte des Neiges Rd, Montreal, Quebec, Canada 
H3T 1Y8; (514)735-1133 


Pediatric Ophthalmol Cruise Sem At: Western 
Caribbean (Tampa, Playa Del Carmen, Cozu- 
mel, Ocho Rios, Grand Cayman Dates: 1/14/89 
to 1/21/89 Contact: Kenneth W. Wright, MD, 
Childrens Hosp of Los Angeles, Div of Oph- 
thalmol, 4650 Sunset Blvd, Los Angeles, CA 
90027; (213)669-2513 


Indian Intraocular Implant Soc Convention At: 
Madras, India Dates: 1/4/89 to 1/5/89 Con- 
tact: Dr Chander Neroor, Organising Secy, Dr 
Agarwal’s Eye Inst, 13 Cathedral Rd, Madras 
600 086, India 


Forty-seventh All India Ophthalmol Conf At: 
Madras, India Dates: 1/6/89 to 1/10/89 Con- 
tact: Dr J. Agarwal, Gen Secy, All India Oph- 
thalmol Soc, Dr Agarwal’s Eye Inst, 13 Cathe- 
dral Rd, Madras 600 086, India 


Internati Congress on Ocular Trauma (Anterior, 
Posterior, & External Segments) At: Tel-Aviv, 
Israel Dates: 2/19/89 to 2/24/89 Co-Chairper- 
sons: G. Treister (Israel), B. Glaser (USA) 
Contact: The Secretariat, Internatl Congress 
on Ocular Trauma, Box 50006, Tel-Aviv 61500, 
Israel; (03)654571 


Biennial Mtg Diopter & Decibel Soc At: Acapul- 
co, Mex Dates: 1/21/89 to 1/28/89 Contact: 
Jeannine L. Nee, CME, 3518 5th Ave, Pitts- 
burgh, PA 15213; (412)682-6300 


N Am Neuro-Ophthalmol Soc At: Cancun, Mex 
Dates: 3/6/89 to 3/12/89 Speaker: Charles G. 
Drake, MD Contact: NANOS, 302 Juniper Hill 
Road, NE, Albuquerque, NM 87122; (505)293- 
2963 


Third Ann Ophthalmol Mtg Massachusetts Eye & 
Ear Inf At: Puerto Vallarta, Mex Dates: 2/5/89 
to 2/9/89 Contact: Harvard Med Sch, CME, 
Boston, MA 02115; (617)732-1525 


Eleventh Ann Wilmer Inst Current Concepts in 
Ophthalmol At: Dorado, Puerto Rico Dates: 
2/19/89 to 2/26/89 Hrs Instr: 30 Reg Fee: $475 
prac phys, $325 residents & fellows Contact: 
Prgm Coordinator, CME, The Johns Hopkins 
Med Inst, Turner 22, 720 Rutland Ave, Balti- 
more, MD 21205; (301)955-2959 


Ophthalmol ’89 At: Jeddah, Saudi Arabia Dates: 
3/29/89 to 4/1/89 Fee: $125 Contact: Ophthal- 
mol ’89, Office of the Saudi Ophthalmol Soc, 
Box 55307, Riyadh 11534, Saudi Arabia 


Second Ann Caribbean Glaucoma Symposium 
At: St Thomas, US Virgin Islands Dates: 3/ 
17/89 to 3/18/89 Contact: Mary Bryant, How- 
ard Univ Hosp Div of Ophthalmol, 2041 Geor- 
gia Ave NW, Washington, DC 20060; (206)865- 
1257 
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BOSTON 


ANNOUNCE 
THE 18TH ANNUAL COURSE IN PRACTICAL 
ASPECTS OF PHOTOCOAGULATION 


March 30, 31, April 1, 1989 


The curriculum will encompass both the fundamental and practical aspects of argon, 
krypton, and neodymium-YAG laser photocoagulation. It will consist of lectures, 
clinical demonstrations, small seminars, and personal use of instruments. 


LECTURE SUBJECTS INCLUDE: 
@ Effects of photocoagulation on ocular tissue 
@ Principles/techniques of photocoagulation 
@ Fluorescein angiography as related to photocoagulation 
@ Diseases treated by photocoagulation 
@ Clinical results of treatment 
@ Complications of photocoagulation 
@ Potential new uses for lasers 
@ Clinical demonstrations 


FACULTY: 
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AUTHOR INDEX TO VOLUME 106 





In this Index in alphabetical order are listed names of authors of all articles and letters. Full ci- 


tation is given under first author only; reference is made from 
a prefix are entered under the prefix. The month is given as 


A 


Aaberg TM see Han DP; Lewis H 

Aaberg TM: Multiple evanescent white dot syndrome 
(letter) 1162 (Se) 

Abrahams JJ see Hufnagel TJ 

Abrams GW see Han DP; Williams GA 

Acosta J see Chung H; Fariza E 

Acott TS see Bylsma SS 

Adi M see Driebe WT Jr 

Akagi Y see Kador PF 

Albers JJ see Vrabec MP 

Albert DM see Cohen SM; Currie JN; Sahel JA; Saulenas 
AM 

Albert DM: Analysis of ARCHIVES' most frequently cited 
articles, 465 (Ap) 

Albert DM, ed: Book reviews, 27 (Ja), 177 (Fe), 319 (Mr), 459 
(Ap), 594 (My), 1042 (Au), 1517 (No), 1661 (De) 

Albert DM, Dryja TP: Recent studies of retinoblastoma 
gene, what it means to the ophthalmologist, 181 (Fe) 
Albert DM, Saulenas AM, Cohen SM: Verhoeft’s query, is 
vitamin D effective against retinoblastoma? 536 (Ap) 

Alexander MF see Jost BF; Kleiner RC 

Alexander MF, Maguire MG, Lietman TM, Snyder JR, El- 
man MJ, Fine SL: Assessment of visual function in pe- 
tients with age-related macular degeneration and low 
visual acuity, 1543 (No) 

Allen RC see Boozman FW Ill; Van Meter WS 

Allen RC, Robin AL, Long D, Novack GD, Lue JC, Kaplan 
G: Combination of levobunolol and dipivefrin for treat- 
ment of glaucoma, 904 (Jy 

Allingham RR, Crouch ER Jr, Williams PB, Catlin JC, 
Loewy DM, Jacobson J: Topical aminocaproic acid sig- 
nificantly reduces incidence of secondary hemorrhage in 
traumatic hyphema in rabbit model, 1436 (Oc) 

Andersen BR see Robin JB 

Anderson DR see Cartwright MJ; Heuer DK; Nevarez J 

Anderson JA, Chen CC: Multiple dosing increases ocular 
bioavailability of topically administered flurbiprofen, 
1107 (Au) 

Anderson M see Meredith TA 

Anderson R see Bobak P 

Anderson RL see Corbett Ju; Patrinely JR; Tse DT 

Anderson RL, Jordan DR, Beard C: Full-thickness uni- 
pedicle flap for lower eyelid reconstruction, 122 (Ja) 

Anderson RL, Jordon DR: Suturing of stents after dacry- 
ocystorhinostomy (letter) 1165 (Se) 

Anduze AL see Cowan CL Jr 

Ang KK see Stephens LC 

Antonios SR see Tomey KF 

Antonios SR, Traverso CE, Tomey KF: Extracapsular 
cataract extraction using temporal limbal approach af- 
ter filtering operations, 608 (My) 

Araie M see Kondo M 

Aran AJ see Karcioglu ZA 

Aranguren AN see Malbran ES 

Arden GB see Giindiiz K; Weinstein GW 

Armstrong MA see Schwab IR 

Arnold RW, Erie JC: Magnetized forceps for metallic cor- 
neal foreign bodies (letter) 1502 (No) 

Arnold RW, Hohberger GG, Gould AB Jr: Oculocardiac re- 
flex in identical twins (letter) 879 (Jy) 

Arnoult JB see Vila-Coro AA 

Arrowsmith PN see Binder PS 

Asfar L see Hanna KD 

Atta HR, Byrne SF: Findings of standardized echography 
choroidal folds, 1234 (Se) 

Augsburger JJ see Shakin EP 

Avins LR, Krummenacher TR: Macular holes after pneu- 
matic retinopexy (letter) 724 (Je) 


Baer JC, Nirankari VS, Giaros DS: Streptococcal endoph- 
thalmitis from contaminated donor corneas after kera- 
(or asiy, clinical and laboratory investigations, 517 

p) 
noort AM: Manual of Corneal Surgery (Book Review) 320 


r 
Balyeat HD see Wright PL 
Barraquer J see Lustbader JM 
Bartels SP see Higginbotham EJ 
Bartolomé JV see Hatchell DL 
Bassaris HP see Skoutelis AT 
Bates AK see Cheng H 
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Batoosingh AL see Boozman FW IlI 

Baum J see Yue BYJT 

Bayly M see Wong C 

Beard C see Anderson RL 

Beck RW: Optic neuritis treatment trial, 1051 (Au) 

Becker WL, Burde RM: Carotid artery disease, therapeu- 
tic enigma, 34 (Ja) 

Beermann D see Skoutelis AT 

Belfort R Jr see Moreira CA Jr 

Belkin M see Koval R 

Ben-Nun J, Cooper RL, Cringle SJ, Constable IJ: Ocular 
dialysis, new technique for in vivo intraocular pharma- 
cokinetic measurements, 254 (Fe) 

Benedict C see Robin JB 

BenEzra D see Pe’er J; Rasooly R 

Bennett J see Maguire AM 

Benson EM see Currie JN 

Bergin DJ, Parmley V: Orbital neurilemoma, 414 (Mr) 

Berkey PB, Rolston KVI: Group G streptococci as cause of 
bacterial endophthalmitis, 171 (Fe) 

Berler DK see Love DC 

Berlin BM see Glynn RJ 

Bernstein-Lifshitz L see Pe’er J 

Berson EL see O'Gorman S 

Beuche M see Lindenmuth KA 

Beuerman RW see Insler MS 

Beyer TL, Dryden RM: Basal cell carcinoma masquerading 
as ectropion, 170 (Fe) 

Beyer WB see Laborde RP 

Bhardwaj Y see Gupta NK 

Bickler-Bluth ME, Custer PL, Smith ME: Neurilemoma as 
presenting feature of neurofibromatosis, 665 (My) 

Bidwell AE, Jampol LM, Goldberg MF: Macular holes and 
excellent visual acuity (letter) 1350 (Oc) 

Binder PS: David McQuarrie Worthen, 1936-1988, obitu- 
ary, 733 (Je) 

Binder PS, Waring GO Ill, Arrowsmith PN, Wang C: His- 
topathology of traumatic corneal rupture after radial 
keratotomy, 1584 (No) 

Birch DG, Jost BF, Fish GE: Focal electroretinogram in 
fellow eyes of patients with idiopathic macular holes, 
1558 (No) 

Birch EE, Stager DR: Prevalence of good visual acuity fol- 
st surgery for congenital unilateral cataract, 40 

J 


a 
Bird AC see Cox SN 
Bishop KI see Werner EB 
Bito LZ: 
On prostaglandins and ocular fluid dynamics (letter) 449 


Up) 

Presbyopia, 1526 (No) 

Blacharski PA see Newsome DA 

Blair CJ see Shields JA 

Blankenship G see O’Grady GE 

Blankenship GW see Pulido JS 

Blanks JC see Zhu Z-R 

Blaydes SH see Campochiaro PA 

Blumenkranz M see Olsen KR 

Bobak P, Friedman R, Brigell M, Goodwin J, Anderson R: 
Visual evoked potentials to multiple temporal frequen- 
cies, use in differential diagnosis of optic neuropathy, 
936 (Jy) 

Boerner CF: 
elawe response to porcine collagen corneal shield, 171 

) 


e 

Total punctate keratopathy due to dipivefrin, 171 (Fe) 
Bogan S, Simon JW, Krohel G, Nelson L: Astigmatism 
associated with adnexal masses in infancy (letter) 448 


(Ap) 

Boldt HC, Nerad JA: Orbital metastases from prostate 
carcinoma, 1403 (Oc) 

Boniuk | see Poliner LS 

Boothe WA, Lee DA, Panek WC, Pettit TH: Tono-Pen, 
manometric and clinical study, 1214 (Se) 

Boozman FW Ill, Carriker R, Foerster R, Allen RC, Novack 
GD, Batoosingh AL: Long-term evaluation of 0.25% 
levobunolol and timolol for therapy for elevated in- 
traocular pressure, 614 (My) 

Borchert M: Neuro-Ophthalmology: Problem-Oriented 
Approach (Book Review) 1517 (No) 

Borseghini A: National Advisory Eye Council Vision Re- 
search: National Plan 1987 Evaluation and Research 
(Book Review) 1359 (Oc) 

Boruchoff SA: 

Cornea Disorders (Book Review) 1043 (Au) 


joint authors. Names which begin with 
a two letter notation in parentheses. 


Cornea: Scientific Foundations and Clinical Practice 
(Book Review) 1042 (Au) 
Corneal Grafting (Book Review) 1043 (Au) 
Corneal Surgery (Book Review) 1043 (Au) 
Diseases of Cornea, ed 2 (Book Review) 1042 (Au) 
Infections of Eye (Book Review) 1043 (Au) 
Manual of Corneal Surgery (Book Review) 1043 (Au) 
Ophthalmic Surgery (Book Review) 1043 (Au) 
Surgical Intervention in Corneal and External Diseases 
(Book Review) 1043 (Au) 
Virus Disease of Eye (Book Review) 1043 (Au) 
Boskey AL see Bruns DE 
Bosley TM see Sergott RC 
Boudreault G see Harnois C 
Boulton M see Wong C 
Bourne WM see Carison KH 
Bovino JA, Marcus DF, Nelson PT: Intraocular diathermy 
Rt papiopiasty during vitreous surgery (letter) 1503 
0 


Boyer DS see Lowe MA 

Boynton JR, Searl SS, Heimer JL, Miller EA: Eyelid 
oleogranulomas, caused by petroleum jelly injection, 
550 (Ap) 

Bregman DK, Harbour R: Diabetic superior division ocu- 
lomotor nerve palsy (letter) 1169 (Se) 

Brent BD: Goblet cell density in thermal and chemical in- 
juries (letter) 722 (Je) 

Bresnick GH: Following up patients with central retinal 
vein occlusion, 324 (Mr) 

Bressler NM, Frost LA, Bressler SB, Murphy RP, Fine SL: 
Natural course of poorly defined choroidal neovascular- 
ization associated with macular degeneration, 1537 (No) 

Bressler SB see Bressler NM 

Brigell M see Bobak P 

Briggs RB, McCartney DL: Balanced salt solution infusion 
alert (letter) 718 (Je) 

Brinchmann-Hansen O, Dahl-Jorgensen K, Hanssen KF, 
Sandvik L: Response of diabetic retinopathy to 41 
months of multiple insulin injections, insulin pumps, 
and conventional insulin therapy, 1242 (Se) 

Brittain GPH see Rostron CK 

Brod RD see Flynn HW Jr 

Brod RD, Packer AJ: 

Chiastoptic vs chiastopic (letter) 723 (Je) 
ENE skill of chiastopic direct stereopsis (letter) 15 


a 

Brodsky MC, Frenkel REP, Spoor TC: Familial intracra- 
nial aneurysm presenting as subtle stable third nerve 
palsy, 173 (Fe) 

Brooks JZ see Love DC 

Brourman ND, Spoor TC, Ramocki JM: Optic nerve sheath 
decompression for pseudotumor cerebri, 1378 (Oc) 

Brown CF see Newton C 

Brown EC see Stanford MR 

Brown GC: Macular hole following rhegmatogenous reti- 
nal detachment repair, 765 (Je) 

Brown RH see Lynch MG; Pollack IP 

Brown RH, Zilis JD, Lynch MG, Sanborn GE: Afferent pu- 
pillary asymmetric glaucoma (letter) 721 (Je) 

Browning DJ, Buckley EG: Reliability of brightness com- 
poran eng in predicting afferent pupillary defects, 

r 


Brubaker RF see Gharagozloo NZ o 

Brunner-Ferber FL see Lippa EA = 

Bruns DE, Lieb W, Conway BP, Savory J, Wills MR, Bos- 
key AL: Band keratopathy and calcific lid lesions in tu- 
moral calcinosis, 725 (Je) 

Bichi ER, Fitting PL, Michel AE: Long-term intravitreal 
ganciclovir for cytomegalovirus retinitis in patient with 
AIDS (letter) 1349 (Oc) 

Buckley EG see Browning DJ . 

Burde RM see Becker RM 

Burde RM: Afferent pupillary defect in asymfetric glau- 
coma (letter) 721 (Je) 

Burton T see Lincoff H 

Burton TC see Jaffe GJ 

Bylsma SS, Samples JR, Acott TS, Van Buskirk EM: Tra- 
becular cell division after argon laser trabeculoplasty, „ 


Byrne B see O'Connor PS . 4 
Byrne SF see Atta HR i 
= & y% 
~ 
Cajita VN see Chung H = 


Author Index 
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Calthorpe CM see Weinstein GW 
Campo RV see Lows MA 
Campochiaro PA see Sen HA 


7 Gampochiaro PA: Retital thinning and regression of neo- 


~ 


™ 


vaseularization (letter) 1646 (De) 

Campochiaro PA, Blaydes SH: Photocoagulation does not 
ablate-angiogenicamerkers in rabbit retina, 676 (My) 
Campochiaro PA, Conway BP: Hemangiomalike masses 

of retina, 1409 (Ov) 

Cantrill HL see Pederson JE 

Capino D see Leibcowik HM 

Capone A Jr see Lencs SE 

Caprioli J, Miller JM: Optic disc rim area is related to disc 
size in normal subjects (letter) 878 (Jy) 

Carison KH, Bourne WM: Endothelial morphologic fea- 
tures and function after long-term extended wear of 
contact lenses, 1677 We) 

Carpentieri AC see Scuwab IR 

Carriker R see Boozmen FW iil 

Carter K see Nerad JA 

Cartwright MJ, Andersen DR: Correlation of asymmetric 
damage with asymms=tric intraocular pressure in nor- 
mal-tension glaucoma (low-tension glaucoma) 898 (Jy) 

Cashwell LF Jr, Shields MB: Exfoliation syndrome, prev- 
a in southeaste-n United States population, 335 

r) 

Caskey PJ, Folk JC: Retinal revascularization following 
laser photocoagulatien treatment for choroidal neovas- 
cular membrares,1528 (No) 

Catlin JC see Allingmam RR 

Chader GJ see Newsome DA 

Chamberlin JA see Jos BF 

Chan C-C see Ni M 

Chan C-C, Nussenblatt RB, Ni M, Li S, Mao W: Immuno- 
histechemical markers in normal human epibulbar 
conjunctiva from fetes to adult, 215 (Fe) 

Chan R see Robin JB 

Chapin LL: Intraecuiar lens power (letter) 13 (Ja) 

Charles S see Osterioh MD 

Chastang JC see Hanns KD 

Chen CC see Andersor JA 

Chen CH see Wong SK 

Cheng H, Bates AK, Weod L, McPherson K: Positive cor- 
relation of cormea’ thickness and endothelial cell loss, 
serial measurementsafter cataract surgery, 920 (Jy) 

Chess Q see Tung C 

Chew EY, Crawford J: Sympathetic ophthalmia and cho- 
roidal neovaseularization (letter) 1507 (No) 

Chiba K see Tsubota K 

Choromokos EA see Wilson CA 

Chrysanthopoulos CJ see Skoutelis AT 

Chryssanthou G see Wang FM 

Chu AE see Wirtschafter JD 

Chung H, Tolentino =I, Cajita VN, Acosta J, Refojo MF: 
Reevaluation of corneal complications after closed vit- 
rectemy, 916 Jr) 

Chylack LT Jr see Jacques PF; Leske MC 

Chylack LT Jr, Leske NC, Sperduto R, Khu P, McCarthy 
D, Lens Opacities Case-Control Study Group: Lens 
Opaeities Classificatien System, 330 (Mr) 

Clark P see Wong C 

Clarkson JG see O'Grady GE; Pulido JS 

Climernhaga H, Mecconald JM, McCarey BE, Waring GO 
ill: Effect of diameter and depth on response to solid 
polysulfone intracorneal lenses in cats, 818 (Je) 

er TE, Laibson PR: Mooren’s ulcer, photo essay, 691 
(My) 

Clorfeine GS, Parker WT: Adjustment sensitivity of hor- 
izontal rectus muscles in adjustable strabismus sur- 
gery, 105:1664 (Des carrection, 106:313 (Mr) 

Cogan DG: 

International Gphthelmology Clinics, vol 26, issue 4 
(Book Review) 177 Fe) 

Neuroophthalmolazy” Book Review) 177 (Fe) 

Peripheral Cornea. ases (Book Review) 177 (Fe) 

The Retina: AnsAppreachable Part of the Brain (Book 
Review) 594 (Mya 

Cohen SB see Jampo! LM 

Cohen SM see Albert DM; Kaplan GR; Saulenas AM 

Cohen SM, Saulemas AN, Sullivan CR, Albert DM: Further 
studies of effeetof vitamin D on retinoblastoma, inhibi- 
tion with 1,25-dihydrexycholecalciferol, 541 (Ap) 

Collins MP see Kurosawa A 

Constable |J see Ben-Nun J 

Conway BP see Brums BE; Campochiaro PA, Sen HA 

Cooper JS, FriedlPF: Treatment of aggressive epidemic 
Kaposi's sarcoma of conjunctiva by radiotherapy, 20 


a) 

Cooper RL see Ben-Nur J 

Corbett JJ see Tse DT 

Corbett JJ, Nerad JA, Tse DT, Anderson RL: Results of 

- optic nerve sheath femestration for pseudotumor cere- 
bri, lateral orbitotomr approach, 1391 (Oc) 

Corin S see Harvey ~ 

Cortin P see Harnois C- 

CowanCL Jr, Worthen BM, Mason RP, Anduze AL: Glau- 
coma in blacks, 738 (Je) 

Cox M see Linceff H 

Cox SN, Hay E, Eird AC: Treatment of chronic macular 
edema with acetazolamide, 1190 (Se) 

Crandall AS see Pollac) IP 

Crawford J see Chew EY 

Crean E see Latina M 

Cringle SJ see Ben-Nur J 

Crocker | see Meredith TA 

roach ER Jr se=Allingham RR 

Cryotherapy for Retinopathy of Prematurity Cooperative 
Group: Multicentertrml of cryotherapy for retinopathy 
of prematurity, preliminary sesults 471 (Ap) 

e JN, Lessell S. Lesseif IM, Weiss JS, Albert DM, 
Benson EM: Optic newropathy*in chronic lymphocytic 
leukemia, 654 | My) 

Custer PL see Bickie?-Bluth ME 
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D’Amico DJ, Skoinik PR, Kosloff BR, Pinkston P, Hirsch 
MS, Schooley RT: Resolution of cytomegalovirus re- 
tinitis with zidovudine therapy (letter) 1168 (Se) 

Dahi N, Pettersson U: Use of linked DNA probes for car- 
rier detection and diagnosis of X-linked juvenile retin- 
oschisis, 1414 (Oc) 

Dahl-Jorgensen K see Brinchmann-Hansen O 

Dawson CR see Schwab IR 

de Juan E, Dickson JS, Hjelmeland L: Serum is chemo- 
static for retinal-derived glial cells, 986 (Jy) 

de Bustros S see Isernhagen RD; Michels RG; Smiddy WE 

de Bustros S, Rice TA, Michels RG, Thompson JT, Marcus 
S, Glaser BM: Vitrectomy for macular pucker, use after 
treatment of retinal tears or retinal detachment, 758 


(Je 

Debert-Ribeiro M see Moreira CA Jr 

deFaller JM see Robin AL 

Del Priore LV, Glaser BM, Quigley HA, Dorman ME, Green 
WR: Morphology of pig retinal pigment epithelium 
maintained in organ culture, 1286 (Se) 

Delaney WV Jr, Torrisi PF, Hampton GR, Seigart CR, Hay 
PB: Hemorrhagic peripheral pigment epithelial disease, 
646 (My) 

Denham D see Pflugfelder SC 

Derlacki DJ see Fishman GA 

Desroches G: Maninster lens in eyes with intraocular gas 
(letter) 1649 (De) 

Deutsch TA see LoBue TD 

Devenyi RG see Lambrou FH; Williams GA 

Devineni R see Kenneally CZ 

Diaz-Llopis M, Menezo JL: Congenital hypertrophy of 
retinal pigment epithelium in familial adenomatous 
polyposis, 412 (Mr) 

Dick JD see O’Brien TP 

Dickson JS see de Juan E 

Dieckert JP see Shore JW 

Djunaedi E, Sommer A, Pandji A, Kusdiono, Taylor HR: 
Impact of vitamin A supplementation on xerophthal- 
mia, randomized controlled community trial, 218 (Fe) 

Dorman ME see Del Priore LV 

Dortzbach RK see Kaltreider SA; Kronish JW 

Doughman DJ see Lindquist TD 

Douglas GR see Werner EB 

Drake MM see Lynch MG 

Dreizen NG see Stopak SS 

Driebe WT Jr, Stern GA, Epstein RJ, Visvesvara GS, Adi 
M, Komadina T: Acanthamoeba keratitis, potential role 
for topical clotrimazole in combination chemotherapy, 
1196 (Se) 

Drtil SH see Vila-Coro AA 

Dryden RM see Beyer TL 

Dryja TP see Albert DM 
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system [Giindiiz] 929 (Jy) 
Color Vision se= Color Perception 
«Commerce 
professional cards and visually impaired (letter) [Frankel] 
1649 (De) 
Communication 
professional cards and visually impaired (letter) [Frankel] 
1649 (De) 
Computer Systems 
‘VDTs put strain onecounty legislature’ [Foreman] 1173 


Concanavalfn A 

glyceconjugate abnormalities in cultured keratoconus 
stromal cells Yue] 1709 (De) 

rapid visualization-ef Acanthamoeba using fluorescein- 
tonjugated leetins [Robin] 1273 (Se) 

Cénwnctiva . _. 

concentration charm of fluorouracil in external segment 
of eye after subtonsunctival injection pence) 1718 (De) 

tiger, orn) erry use of pediculocide A-200 pyri- 

* nate(letter) Pe'er] 16 (Ja) 

experience withmew detergent lidecrub in management of 
chronic blepRaritis (letter) [Polack] 718 (Je) 
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aT as reaction in pterygium (letter) (Grossniklaus]312 

r 

immunohistochemical markers in normal human epibul- 
bar conjunctiva from fetus to adult [Chan] 215 (Fe) 

olivopontocerebellar atrophy with retinal degeneration, 
a and ocular histopathologic study [Traboulsi] 801 

e 

reconstruction of partially contracted ocular socket or 
fornix [Karesh] 552 ( ) 

short-term effects of unilateral 1% apraclonidine hydro- 
chloride therapy [Robin] 912 (Jy) 

treatment of aggressive epidemic Kaposi’s sarcoma of 
conjunctiva by radiotherapy (letter) [Cooper] 20 (Ja) 

Conjunctival Neoplasms 

conjunctival melanoma with balloon cell transformation 
[Margo] 1653 (De) 

Conjunctivitis 

diamond burring and surgical keratectomy, morphologic 
comparison in rabbit [Lance] 830 (Je) 

epibulbar fibroma of con unctival substantia propria [Ja- 
kobiec] 661 (My) 

ophthalmology in Jamaica [Moriarty] 557 (Ap) 

Conjunctivitis, Allergic 

allergic nasolacrimal obstruction (letter) [Reifler] 172 (Fe) 

Connective Tissue 

age-related loss of morphologic responses to pilocarpine in 
rhesus monkey ciliary muscle [L”utjen-Drecoll] 1591 


No 

corneoscleral autotransplant perp! 953 (Jy) 

dexamethasone inhibition of phagocytosis by corneal 
keratocytes in culture{Mishima] 978 (Jy) 

Constriction 

paradoxic pupillary 
pupillary constriction to darkness [Frank 

Consumer Product Safety 

drug packaging standards for eye drop medications 
(letter) [Fraunfelder] 1029 (Au) 

inadvertent instillation of hemoccult developer in eye 
(letter) [Ling] 1033 (Aa) 

misuse of eye drops due to interchanged caps (letter) 
ipie, 17 (Ja) 

new Crawford hook, is it safe? (letter) [Hawes] 1648 (De) 

sodium hydroxide masquerading as contact lens solution 
(letter) [Mauger] 1037 (Au) 

Contact Lenses 

Acanthamoeba keratitis [Moore] 1181 (Se) 

Acanthamoeba keratitis, potential role for topical clotri- 
mazole in pera aap pore oat [Driebe] 1196 a 

centenary celebration of Fick’s Eine Contactbrille [Efron 
1370; contact-lens (1888) [Fick] 1373 (Qc) 

clinical signs and medical therapy of early Acanthamoeba 
keratitis [Lindquist] 73 (Ja) 

collagen-shield delivery of gentamicin and vancomycin 
[Phinney] 1599 (No) 

elevated corneal epithelial lines in Acanthamoeba kerati- 
tis [Florakis] 1202 (Se) 

experience with new detergent lid scrub in management of 
chronic blepharitis (letter) [Polack] 718 (Je) 

implantation of posterior chamber lens in absence of cap- 
sular and zonular support [Hu] 416 (Mr) 

oxygen transmissibility, shickness, and water content of 3 
types of collagen shields [Weissman] 1706 (De) 

sodium hydroxide masquerading as contact lens solution 
(letter) [Mauger] 1037 (Au) 

visual field constriction eaused by colored contact lenses 
[Insler] 1680 (De) 

Contact Lenses, Extended Wear 

endothelial morphologic features and function after long- 
tam extended wear of contact lenses [Carlson] 1677 

e) 

Contact Lenses, Hydrophilic 

contact lens-induced epithelial dendriform configurations 
(letter) [Josephson] 164 (Fe) 

corneal endothelial changes associated with aphakic ex- 
tended contact lens wear [Matsuda] 70 (Ja) 

elevated corneal epithelial lines in Acanthamoeba kerati- 
tis [Florakis] 1202 (Se) 

Ps onas aeruginosa corneal ulcer associated with 

aerosol can of preservazive-free saline (letter) [Riordan- 
Eva] 1506 (No) 

Cornea 

Acanthamoeba keratitis [Moore] 1181 (Se) 

Acanthamoeba keratitis, potential role for topical clotri- 
mazole in combinationchemotherapy [Driebe] 1196 (Se) 

accuracy and precision of Tono-Pen in measuring intraoc- 
ular pressure after keratoplasty and epikeratophakia 
and in scarred corneas [Rootman] 1697 (De 

allergic response to porcine collagen corneal shield (letter) 
[Boerner] 171 (Fe 

analysis of ARCHIVES’ most frequently cited articles [Al- 
bert] 465 (Ap) 

binocular corneal reflex in infants (letter) [Holte] 723 (Je) 

clinical evaluation of cavitron biotronics tonometer 
[Miller] 1210 (Se) 

clinical signs and medica! therapy of early Acanthamoeba 
keratitis [Lindquist] 73 (Ja) 

comparison of Tono-Pen to Goldmann applanation tonom- 
eter a pgs Moe (Je) 

concentration change of Auorouracil in external segment 
of eye after subconjunctival injection [Kondo] 1718 (De) 

configuration of corneal trephine opening using 5 different 
trephines in human donor eyes [van Rij] 1228 (Se) 

contact lens-induced epithelial dendriform configurations 
(letter) [Josephson] 164 (Fe) 

corneal abrasion from accidental instillation of cy- 
anoacrylate into eye (letter) renn 1029 (Au) 

corneal damage following use of pediculocide A-200 pyri- 
nate (letter) [Pe'er] 16 (Ja) 

corneal decompensation after argon laser iridectomy 
[Schwartz] 1572 (No) 

corneal endothelial changes associated with aphakic ex- 
tended contact lens wear [Matadia] 70 (Ja) 

corneal graft survival ineat with prolonged preservation 


phenomena, review of patiente mith 
1564 (No 


in McCarey-Kaufman and K-so! media [Wong] 981 (Jy) 

corneal ring formation after exposure to sulfamethox- 
azole (letter) [Gutt] 726 Ki x 

corneoscleral autotransplant [Lustbader] 953 (Jy) 

cytomegalovirus transmission and corneal transplanta- 
tion (letter) [Maguire] 877 (Iy) 

diamond burring and surgical keratectomy, morphologic 
comparison in rabbit [Lance]880 (Je) 

effect of diameter and depth on response to solid polysul- 
fone intracorneal lenses in cats Ciiticanaga 818 (Je) 

effect of fluorouracil on corneal endotheluim [Mannis] 816 

e 

electrosurgical keratoplasty, clinicopathologic correlation 
[McDonnell] 235 (Fe) 

elevated corneal epithelialllinesin Acanthamoeba kerati- 
tis [Florakis] 1202 (Se) 

endothelial morphologic features and function after long. 
term extended wear of contact lenses [Carlson] 16 


excimer laser keratectomy for myopia with rotating-slit 
delivery system [Hanna] 245 (Fe) 
experimental interstitial keratitis induced by Onchocerca 
volvulus antigens [Gallin] 1447 (Oc) 
histopathology of traumatic corneal rupture after radial 
keratotomy [Binder] 1584 (Ne) 
hyperbaric and transcorneal delivery of oxygen to rabbit 
and monkey anterior segment [Jampol] 825 (Je) 
immunoglobulin deposition in cornea after application of 
autologous serum [McDennell] 1423 (Oc) 
infant corneal endothelium [S well] 771 (Je) 
insect foreign body in cornea (letter) [Lawton] 1171 (Se) 
laser trabeculoplasty for glaucoma in aphakic and 
seudophakic eyes after penetrating keratoplasty [Van 
eter] 185 (Fe) 
long-term comparison of epikeratoplasty and penetrating 
keratoplasty for keratoconus [Steinert] 493 (Ap) 


new optic hole configuration for iris fixation of posterior 
chamber lenses (letter) [Kocli] 163 (Fe) ‘ 
noninvasive metabolic analysis of preserved rabbit cornea 


[Tsubota] 1713 (De) 

operating microscope-induced retinal phototoxicity dur- 
ing pars plana Laver! [MeDonald] 521 (Ap) 

ophthalmic observations in lecithin cholesterol acyltrans- 
ferase deficiency [Vrabee] 225 (Fe) 

paired arcuate keratotomy, surgical approach to mixed 
and myopic astigmatism [Duffey] 1130 (Au) 

penetrating keratoplasty after epikeratophakia for kera- 
toconus [Frantz] 1224 (Se) 

permeability of human comnea and sclera to sulfonamide 
carbonic anhydrase inhibitors [Edelhauser] 1110 (Au) 

photothrombosis of corneal neovascularization by intra- 
venous rose bengal and argon laser irradiation isagi 
680 (My) 

preliminary evaluation of use of mussel adhesive protein 
in experimental epikeratoplasty [Robin] 973 (Jy) 

protection from operating microscope-induced retinal 

hototoxicity during pars plana vitrectomy (letter) 

[Flynn] 1032 (Au) 

radial intrastromal lines in Acanthamoeba keratitis 
(letter) [Insler] 883 (Jy) 

recognizing familial lecithin cholesterol acyltransferase 
deficiency at slit lamp (letter) [Weidle] 1164 (Se) 

reevaluation of corneal complications after closed vitrec- 
tomy [Chung] 916 (Jy) 

return of human corneal sensitivity after penetrating 
keratoplasty 210 (Fe) 

streptococcal endophthalmitis from contaminated donor 
corneas after keratoplasty, clinica] and laboratory in- 
vestigations [Baer] 517 (Ap) 

suction trephine block for marking donor corneal buttons 
[Pflugfelder] 276 (Fe) 

temporary tarsorrhaphy enhanees reepithelialization af- 
ter epikeratoplasty (letter) [Wagoner] 13 (Ja 

topical fibronectin and corneal epithelial wound healing in 
rabbit [Newton] 1277 (Se) 

treatment of experimental Pseudomonas keratitis using 
collagen shields containing tebramycin [Hobden] 1605 


(No 

uses of thrombin in ocular surgery, effect on corneal en- 
dothelium [Mannis] 251 (Fe) 

Corneal Diseases 

dexamethasone inhibition of phagocytosis by corneal 
keratocytes in culture [Mishima] 978 (Jy) 

family with aniridia, micrecornea, and spontaneously re- 
absorbed cataracts [Yamamoto] 502 GR 

intracorneal ophthalmomyiasis (letter) [Laborde] 880 (Jy) 

pseudophakic bullous keratopathy with Intermedics 
model 024 (Hessburg) anterior chamber intraocular 
lenses [Sugar] 1575 (No) 

surgia: results in iridocorneal endothelial syndrome 
[Kidd] 199 (Fe) 

total punctate keratopathy dwe to dipivefrin (letter) 
[Boerner] 171 (Fe) 

variable pro ature d of autosomal dominant microcornea 
with cataract [Salmon] 505 (Ap) 

Corneal Dystrophies 

effect of removing running sutures on astigmatism after 
penetrating keratoplasty [Musch] 488 (Ap) 

heterogeneity in macular cornmeal dystrophy [Edward] 
1579 (No) 

Corneal Endothelium see Endothelium, Corneal 

Corneal Opacity 

evaluation of lens opacities classification system [Leske] 


r 

influence of simulated light scattering on automated peri- 
metric threshold measurement [Heuer] 1247 (Se) 

lens opacities classification system [Chylack] 330 (Mr) 

Corneal Stroma see Cornea 

Corneal Ulcer 

Mooren’s ulcer [Clinch] 691 (My 

Pseudomonas aeruginosa corneal ulcer associated with 
aerosol can of preservative-free saline (letter) [Riordan- 
Eva] 1506 (No 


Subject Index 1745 










Cosmetics 

elective excision of permanent eyeliner (letter) [Putter- 
man] 1034 (Au) 

Cost Benefit Analysis 

AMA President-Elect rallies ophthalmologists at AAO 
meeting [Springer] 1660 (De) 

Costs and Cost Analysis 

California mova threat to all [Keltner] 1053 (Au) 

Hara R RVS study creates controversy [Foreman] 

0 
5 aa epidemiology and biostatistics [Goldberg] 737 
e 


resource-based relative value scale for physician compen- 
sation under Medicare, implications for ophthalmo ogy 
[tankal] 1669 (De) 

selection of controls for clinical reseach studies in oph- 
thalmology [Hawkins] 835 (Je) 

Cough 

latent disseminated blastomycosis with choroidal involve- 
ment [Lewis] 527 (Ap) 

Cranial Nerves 

ciei vih palsy and pupil, footnotes to rule [Trobe] 601 


y 
Cross Infection 
group G streptococci as cause of bacterial endophthalmi- 
tis [Berkey] 171 (Fe) 
methicillin-resistant Staphylococcus epidermidis kerati- 
tis treated with vancomycin [Goodman] 1570 (No) 
Cryosurgery 


Acanthamoeba keratitis [Moore] 1181 (Se) 


corneoscleral autotransplant [Lustbader] 953 (Jy) 

effects of cyclocryotherapy on aqueous humor dynamics in 
cats [Higginbotham] 396 (Mr) 

laser trabeculoplasty for glaucoma in aphakic and 

udophakic eyes after penetrating keratoplasty [Van 
eter] 185 (Fe) 

multicenter trial of cryotherapy for retinopathy of pre- 
maturity [Tasman] 463 (Ap) 

multicenter trial of Fisk for retinopathy of pre- 
maturity, proiminary results [Cryotherapy for Ret- 
inopathy of Prematurity vooparative Group) 471 (Ap) 

transconjunctival approach for intraorbital tumors 
(letter) [Geyer] (reply) [Shields] 14 (Ja) 

Cryotherapy see Cryosurgery 

Cryptococcus 

uremic optic neuropathy [Knox] 50 (Ja) 

Culture Media 

noninvasive metabolic analysis of preserved rabbit cornea 
[Tsubota] 1713 (De) 

retinal pigment epithelial cells in culture produce retinal 
vascular mitogens [Wong] 1439 (Oc) 

Cyanoacrylates 

corneal abrasion from accidental instillation of cy- 
anoacrylate into eye (letter) [Silverman] 1029 (Au) 

treatment for inadvertent cyanoacrylate tarsorrhaphy 
(letter) [Raynor] 1033 (Au) 

Cyclohexanecarboxylic Acids 

management of traumatic hyphema in children, analysis 
of 340 Cases [Uusitalo] 1207 (Se) 

Cyclooxygenase see Prostaglandin Synthase 

Cyclopenthiazide see Diuretics, Thiazide 

Cycloplegics see Mydriatics 

Cystoid Macular Edema see Macular Edema 

Cysts 

combined excision and drainage with intralesional corti- 
costeroid injection in treatment of chronic chalazia 
[Epstein] 514 (Ap) 

destructive cysts of maxillary sinus affecting orbit [Kal- 
eae 1398 (Oc) 

epidermal cysts of eyelid [Kronish] 270 (Fe) 

intraoperative reinflation of ruptured cystic tumors with 
balloon catheter (letter) [Gonnering] 580 (My) 

soli conjunctival hemangioma presenting as chocolate 
Aang Opt 1457 (Oc) 

Cytochemistry see Histocytochemistry 

Cytology 

multiple myeloma involving iris [Shakin] 524 (Ap) 

Cytomegaloviruses 

cotton-wool spots in seguirai immunodeficiency syn- 
drome compared with diabetes mellitus, systemic hy- 
pertension, and central retinal vein occlusion [Mansour] 
1074 (Au) 

cytomegalovirus transmission and corneal transplanta- 
tion (letter) [Maguire] 877 (Jy) 

long-term intravitreal gaoicovir for orronagalovirus 
retinitis in patient with AIDS (letter) [Büchi] 1349 (Oc) 

resolution of cytomegalovirus retinitis with zidovudine 
therapy (letter) [D’Amico] 1168 (Se) 

Cytoplasm 

conjunctival melanoma with balloon cell transformation 
[Margo] 1653 (De) 


Dacryocystorhinostomy 
ee ae igi for dacryocystorhinostomy [Vila-Coro]} 
y 

placement of silicone tubes during dacryocystorhinos- 
tomy (letter) [Harvey] 579 (My) 

suturing of stents after deez yocystorhinostomy (letter) 
[Kersten] 1165, (reply) [Anderson] 1166 (Se) 

Dacryocystostomy see Dacryocystorhinostomy 

Darkness 

paradoxic pupillary phenomena, review of patients with 
pupillary constriction to darkness [Frank] 1564 (No) 

Data Collection 

resource-based relative value scale for physician sa RO 
sation under Medicare, implications for ophthalmology 
Saye | 1669 (De) 

selection of controls for clinical reseach studies in oph- 
thalmology [Hawkins] 835 (Je) 

Debridement 

delayed primary wound closure, use to prevent implant 
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extrusion following evisceration for endophthalmitis 
[Shore] 1303 (Se) 
Decision Making 
AMA President-Elect rallies ophthalmologists at AAO 
meeting [Springer] 1660 (De) 
to admit or not to admit, that is the question (letter) 
[Fleischman] (reply) [Michels] 1501 (No) 
Decompression 
lateral orbitotomy without removal of lateral orbital rim 
[Witschafter] 1463 (Oc) 
optic nerve sheath decompression for pseudotumor cere- 
bri [Brourman] 1378 (Oc) 
optic nerve sheath decompression, how does it work? has 
its time come? [Keltner] 1365 (Oc) 
i decompression of branch retinal vein occlusions 
[Osterloh] 1469 (Oc) 
Dehydroascorbic Acid see Ascorbic Acid 
Depressive Disorder 
topical 8-blocker therapy and central nervous system side 
effects, preliminary study comparing betaxolol and 
timolol [Lynch] 908 (Jy) 
Dermoid Cyst 
astigmatism associated with adnexal masses in infancy 
(letter) [Reifler] (reply) [Bogan] 448 (Ap) 
upper eyelid crease sarees approach to dermoid and epi- 
ermoid cysts in children (Kronish] 1625 (No) 
Descemet’s Membrane 
electrosurgical keratoplasty, clinicopathologic correlation 
[McDonnell] 235 (Fe) 
Dexamethasone 
dexamethasone inhibition of phagocytosis by corneal 
keratocytes in culture [Mishima] 978 (Jy) 
penetration of topically applied dexamethasone alcohol 
into human aqueous humor [Watson] 686 (My) 
quantitative effect of 0.5% ketorolac tromethamine solu- 
tion and 0.1% dexamethasone sodium phosphate solu- 
roe postsurgical blood-aqueous barrier [Flach] 480 
p 
Dextrans 
prostaglandin-independent inhibition of ocular vascular 
rmeability by platelet-activating factor antagonist 
Rubin] 1116 (Au) 
Diabetes Mellitus 
aneurysm auna third nerve palsy in 15-year old boy 
(letter) [Pollard] 1647 (De) 
cataract extraction, risk factors in health maintenance 
organization population under 60 years of age [Schwab] 
1062 (Au) 
corneal decompensation after argon laser iridectomy 
[Schwartz] 1572 (No) 
cotton-wool spots in acquired immunodeficiency syn- 
drome compared with diabetes mellitus, systemic y- 
pertension, and central retinal vein occlusion [Mansour] 
1074 (Au) 
diabetic superior division oculomotor nerve palsy (letter) 
[Bregman] 1169 (Se) 
reevaluation of corneal complications after closed vitrec- 
tomy [Chung] 916 (Jy) 
response of diabetic retinopathy to 41 months of multiple 
insulin injections, insulin pumps, and conventional in- 
sulin therapy [Brinchmann-Hansen] 1242 (Se) 
Diabetes Mellitus, Insulin-Dependent 
multifocal idiopathic serous detachment of retinal pig- 
ment epithelium [Siegel] 845 (Je) 
Diabetic Retinopathy 
extracellular modulating factors and control of intraocu- 
lar neovascularization, overview [Glaser] 603 (My) 
photocoagulation does not ablate angiogenic markers in 
rabbit retina Lie ig 676 (My) 
prevention of pericyte ghost formation in retinal capil- 
laries of galactose-fed dogs by aldose reductase inhibi- 
tors [ yt 1099 (Au) 
progression of nonproliferative diabetic retinopathy fol- 
lowing cataract extraction [Jaffe) 745 (Je) 
response of diabetic retinopathy to 41 months of multiple 
insulin injections, insulin pumps, and conventional in- 
sulin therapy [Brinchmann-Hansen] 1242 (Se) 
retinal thinning and regression of neovascularization 
(letter) [Campochiaro] 1646, (reply) [Glaser] 1647 (De) 
scleral depression to facilitate endophotocoagulation 
(letter) [Fisher] 721 (Je); correction, 1032 (Au) 
Diagnosis 
ie T o masquerading as ectropion [Beyer] 
G 
carotid artery disease, therapeutic enigma [Becker] 34 (Ja) 
peripheral visual field testing by automated kinetic pe- 
rimetry in glaucoma [Stewart] 202 (Fe) 
recent studies of retinoblastoma gene, what it means to 
ophthalmologist [Albert] 181 (Fe) 
ms earing month calls attention to eye care [Springer] 
y 
simple grip/protector for goniofundus and indirect oph- 
thalmoscopic lenses (letter) [Wilson] 1650 (De) 
Diagnosis, Differential 
angiolymphoid hyperplasia with eosinophilia (Kimura’s 
leanne’ of orbit [Smith] 793 (Je) 
epibulbar fibroma of conjunctival substantia propria [Ja- 
kobiec] 661 (My) 
hemorrhagic peripheral pigment epithelial disease 
[Delaney] 646 (My) 
visual evoked potentials to multiple temporal frequencies 
use in differential diagnosis of optic neuropathy [Bobak] 
936 (Jy) 
Diagnosis, Laboratory 
erythrocyte sedimentation rate and its relationship to he- 
matocrit giant cell arteritis (letter) [Love] 309 (Mr) 
Diagnostic Related Groups 
color vision defects in ocular hypertension and glaucoma, 
quantification with computer-driven color television 
system [Gündüz] 929 (Jy) 
enea study of eye injuries in Brazilian children 
[Moreira] 781 (Je) 
Dialysis 





ocular dialysis, new technique for in vivo intraocular 
pharmacokinetic measurements [Ben-Nun] 254 (Fe) 

1,25-Dihydroxycholecalciterol see Calcitriol 

Dilation see also Balloon Dilatation 

effects of routine pupillary dilation on functional daylight 
vision [O’Connor] 1567 (No) 

intraocular diathermy for pupilloplasty during vitreous 
surgery (letter) [Bovino] 1503 (No) 

Dipivefrin 

combination of levobunolol and dipivefrin for treatment 
of glaucoma [Allen] 904 (Jy) 

total punctate keratopathy due to dipivefrin (letter) 
[Boerner] 171 (Fe) 

Diplopia 

Dr Kushner’s unneeded syndrome (letter) [Lubow] ( reply) 
[Kushner] 1162 (Se) 

my eye closure in intermittent exotropia [Wang] 

y 

ocular muscle fibrosis following cataract extraction 
(letter) [Kushner] 18 (Ja) 

optic nerve sheath decompression for pseudotumor cere- 
bri [Brourman] 1378 (Oc) 

Diptera 

intracorneal ophthalmomyiasis (letter) [Laborde] 880 (Jy) 

Disability Evaluation 

California syndrome, threat to all [Keltner] 1053 (Au) 

Dislocation, Lens see Lens Dislocation and Subluxation 

Diuretics, Thiazide 

treatment of chronic macular edema with acetazolamide 
[Cox] 1190 (Se) 

DNA 


quantification of cellular proliferation in experimental 
proliferative vitreoretinopathy [Hatchell] 669 (My) 

recent studies of retinoblastoma gene, what it means to 
ophthalmologist [Albert] 181 ( e) 

restriction fragment length polymorphism analysis of 
mutated transthyretin in vitreous amyloidosis 
[Sandgren] 790 (Je). 

topical ciprofloxacin treatment of Pseudomonas keratitis 
in rabbits fms. 1444 (Oc) 

trabecular cell division after argon laser trabeculoplasty 
[Bylsma] 544 (Ap) 

use of linked DNA probes for carrier detection and diag- 
nosis of X-linked juvenile retinoschisis [Dahl] 1414 (Oc) 

Verhoeff’s query, is vitamin D e ive against retino- 
blastoma? [Albert] 536 (Ap) 

Dogs 

comparative aspects of ocular blastomycosis (letter) 
[Friedman] 1504 (No) 

prevention of peri gront formation in retinal capillar- 
ies of galactose-fed dogs by aldose reductase inhibitors 
[Kador] 1099 (Au) 

Drainage 

combined excision and drainage with intralesional corti- 


costeroid injection in treatment of chronic chalazia . 


alin ase 514 (Ap) 

delayed primary wound closure, use to prevent implant 
extrusion following evisceration for endophthalmitis 
[Shore] 1303 (Se) 

operating microscope-induced retinal phototoxicity dur- 
ing pars plana vitrectomy [McDonald] 521 (Ap) 

protection from operating microscope-induced retinal 

hototoxicity during pars plana vitrectomy (letter) 

fFlynn 1032 (Au) 

successful treatment of subretinal abscess in intravenous 
drug abuser (letter) [Halperin] 1651 (De) 

Dropsy see Edema 

Drug Administration, Oral see Administration, Oral 

Drug Administration, Topical see Administration, Topical 

Drug Kinetics see Pharmacokinetics 

Drug Labeling 

g packaging standards for eye drop medications 

(letter) [Fraunfelder] 1029 (Au) 

inadvertent instillation of hemoccult developer in eye 
(letter) [Ling] 1033 (Au) 

misuse of eye drops due to interchanged caps (letter) 
[Frenkel] 17 (Ja) 

Drug Packaging 

corneal abrasion from accidental instillation of cy- 
anoacrylate into eye (letter) [Silverman] 1029 (Au) 
rug packaging standards for eye drop medications 
(letter) [Fraunfelder] 1029 (Au) 

inadvertent instillation of hemoccult developer in eye 
(letter) [Ling] 1033 (Au) 

misuse of eye drops due to interchanged caps (letter) 


um hydroxide masquerading as contact lens solution 
(letter) [Mauger] 1037 (Au) 
Drug Therapy 
corneal toxicity of propamidine [Johns] 68 (Ja); correction, 
504 (No) 


further studies of effect of vitamin D on Ieifereh (eon? 


inhibition with 1,25-dihydroxycholecalciferol [Cohen], 


541 (Ap) 

Verhoeff's query, is vitamin D effective against retino- 
blastoma? [Albert] 536 (Ap) 

Drug Therapy, Combination 


Acanthamoeba keratitis, potential role for topical clotri- 


mazole in combination chemotherapy [Driebe] 1196 (Se) 

Drugs ° 

animals in research and testing, who pays price for med- 
ical progress? [Smith] 1184 (Se) ° 

Duane’s Syndrome see Ophthaimoplegia 

Dwarfism 

lacrimal anomalies in Robinow’s syndrome (letter) [Vila- 
Coro] 454 (Ap) . 

Dysplastic Nevus Syndrome k A 

cutaneous malignant melanoma in suzvivors of heritable 
retinoblastoma [Traboulsi] 1059 (Au) . 


Echographic interpretation, Computer-Assisted see Im- 
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age Interpretation, Computer-Assisted 
Ectopia Lentis see „ens Dislocation and Subluxation 
Ectropion 


basal cell carcinams masquerading as ectropion [Beyer] 
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170 (Fe) 
acuteidiopathic bilimi spot enlargement without optic disc 


edema (letter) ed] 1030, (reply) [Hoyt] 1031 (Au) 
acute opa t enlargement, big blind spot 
e 


heutoptic disc edema [Fletcher] 44 (Ja) 
ria salt solutien infusion alert (letter) Baga 718 
e 

combined excision aad drainage with intralesional corti- 
costeroid injection in treatment of ehronic chalazia 
[Epstein] 512 (Ap) 

contact lens-imduced®=pithelial dendriform configurations 
(letter) [Josep 164 (Fe) 

corneal endcthelial shanges associated with aphakic ex- 
tended contact ‘ems wear [Matsuda] 70 (Ja) 

optic neuropathy in=hronic lymphocytic leukemia [Cur- 


rie ) 
ars anal epidemic dropsy glaucoma [Sachdev] 1221 


peripheral retinal vascular lesions in patients with Gau- 

cor sa deficiency fletter) [Freedman] 

pseudophakic bullows keratopathy with Intermedics 
model 024 (Hesshmrg) anterior chamber intraocular 
lenses [Sugar] 157é (No) 

reevaluation mplications after closed vitrec- 


(Ja 
Education, Medica! 
ophthalmology in Jamaica [Moriarty] 557 (Ap) 
ophthalmology in West Germany [Naumann] 129 Ga) 
May owslap training in ophthalmology [Jones] 
y 


Education, Medical, Continuing 

continuing educatier=for ophthalmologists, 137 (Ja), 282 
(Fe), 424 (Mr), 5694Ap), 696 (My), 854 (Je), 1005 (Jy), 
1136 (Au), 1316 (5%, 1473 (Oc), 1628 (No), 1727 (De) 

glaucoma in blacks [“owan] 738 (Je) 

Efficiency 

clinical evaluaiionso> photorefractor (letter) [McIntyre] 
(reply) [Morgan 161 (Au) 

Ehlers-Danlos Syndreme 

familial intracranial aneurysm presenti 
ble third nerve palsy [Brodsky] 173 (F 

Eicosanoic Acids 

on prostaglandins: amd ocular fluid dynamics (letter) 
[Waitzman] (reply) Bito] 449 (Ap) 

Electrooculography 

histopathologie findisgs in Best’s vitelliform macular 
ionaaaic; Donan] 1261 (Se) 

Electrophysiclogy 

visual evoked petentiais to multiple temporal frequencies 
aa aaa of optic neuropathy [Bobak 

o WY 

Electroretinograpry 

acute idiopathic blindspot enlargement without optic disc 
edema (letter ed] 1030, (reply) [Hoyt] 1031 (Au) 

acute idiopathic enlargement, big blind spot 

drome without «tic disc edema [Fletcher] 44 (Ja) 

early electroretinogr=phy in unilateral central retinal 

yobs (pa tapao of rubeosis iridis [Kaye] 353 


( 

focal electroretinogra™ in fellow eyes of patients with id- 
iopathic macular-heles [Birch] 1558 (No) 

following up patierts with central retinal vein occlusion 
[Bresnick] 324 (Mr) 

neovascularization in entra! retinal vein occlusion, elec- 
troretinograpnic ndings [Johnson] 348 (Mr) 

pattern electreretinegeam (PERG) in ocular hypertension 
and glaucoma [Weizstein] 923 (Jy) 

use of linked DBEA prebes for carrier detection and diag- 
nosisof X-linked ju==nile retinoschisis [Dahl] 1414 (Oc) 

X-linked retinitis ee. profile of clinical findings 
[Fishman] 369 (Mr) 

Electrosurgery 

electrosurgical keratowlasty, clinicopathologic correlation 
[McDonnell] 285 #e 

Endoplasmic Reticulum 

epibulbar fibroma of e»njunctival substantia propria [Ja- 
kobiec] 661 (My) 


Endothelium 
balanced salt soiutionsinfusion alert (letter) [Briggs].718 


as subtle sta- 


(Je) 

corneal endothelial changes associated with aphakic ex- 
tended contact lens wear [Matsuda] 70 (Ja 

eter ot fluorouracilon corneal endotheluim [Mannis] 816 

e 

electrosurgical keratoplasty, clinicopathologic correlation 
[McDonnell #285 (Fe 

endothelial morphoiegec features and function after long- 
term extended wear of contact lenses [Carlson] 1677 


extracellular medulsatimg factors and control of intraocu- 
lar neovascularizatim, overview Clee 603 (My) 

infant cornéal endotheium [Speedwell] 771 (Je) 

noninvasive metabo ic .nalysis of preserved rabbit cornea 
[Tsubota] 1713 (De) 

photochemical initiatien of thrombosis, fluorescein angio- 
graphic, histologic, -nd ultrastructural alterations in 
choroid, retinal pizreent epithelium, and retina [Roys- 


* ter] 1608 (No) . ee 

prevention of: peri ost formation in retinal capil- 
laries of gal dogs by aldose reductase inhibi- 
tors [Kador Am) 

retinal pigment epithesal celle in culture produce retinal 
vascular mitose ong] 1439 (Oc) 


surgical results in imdocornedl endothelial syndrome 
idd] 199 (Be) ? 
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uses of thrombin in ocular surgery, effect on corneal en- 
dothelium [Mannis] 251 (Fe) 
a = atl Anterior Chamber see Endothelium, Cor- 
nea 
Endothelium, Corneal 
tomman patt survival in cat with prolonged preservation 
in McCarey-Kaufman and K-sol media [Wong] 981 (Jy) 
positive correlation of corneal thickness and endothelial 
cell loss, serial measurements after cataract surgery 
[Cheng] 920 (Jy) 
Endotoxins 
prostaglandin-independent inhibition of ocular vascular 
rmeability by platelet-activating factor antagonist 
Rubin] 1116 (Au) 
Engineering, Psychology see Human Engineering 
Enucleation 
angiolymphoid hyperplasia with eosinophilia (Kimura’s 
isease) of orbit [Smith] 793 (Je) 
hemangiopericytoma of ciliary body [Gieser] 1269 (Se) 
Israeli ocular injuries study, nationwide collaborative 
study [Koval] 776 (Je) 
— arising de novo in 16-month period [Sahel] 381 
r 
spontaneous pseudohypopyon secondary to diffuse infil- 
trating retinoblastoma [Shields] 1301 (Se 
< manometric and clinical study [Boothe] 1214 
e 
Enzyme-Linked Immunosorbent Assay 
interphotoreceptor retinoid-binding protein levels in sub- 
retinal fluid from rhegmatogenous retinal detachment 
and retinopathy of prematurity [Newsome] 106 (Ja) 
intravitreal clearance of tissue plasminogen activator in 
rabbit [Jaffe] 969 (Jy) 
treatment of postvitrectomy fibrin formation with in- 
traocular tissue plasminogen activator [Williams] 1055 


(Au 

Eosinophils 

immunoglobulin deposition in cornea after application of 
autologous serum [McDonnell] 1423 (Oc) 

Epidemiologic Methods 

evaluation of lens opacities classification system [Leske] 
327 (Mr) 

Epidemiology 

6 epidemiology and biostatistics [Goldberg] 737 

e) 


selection of controls for clinical reseach studies in oph- 
thalmology [Hawkins] 835 (Je) 

Epidermal Cyst 

upper eyelid crease mpa approach to dermoid and epi- 

ermoid cysts in children (Kronish] 1625 (No) 

Epidermis 

epidermal cysts of eyelid [Kronish] 270 (Fe) 

Epidermoid Cyst see Epidermal Cyst 

Epikeratophakia 

penetrating keratoplasty after epikeratophakia for kera- 
toconus fFrantz] 1224 (Se) 

Epinephrine 

combination of levobunolol and dipivefrin for treatment 
of glaucoma [Allen] 904 (Jy) . 

intraocular diathermy for pupilloplasty during vitreous 
surgery (letter) [Bovino] 1503 Co) 

topical 6-blocker therapy and central nervous system side 
effects, preliminary study comparing betaxolol and 
timolol [Lynch] 908 (Jy) 

Epithelium 

acute radiation injury of ocular adnexa [Stephens] 389 
(Mr) 

allergic response to porcine collagen corneal shield (letter) 
[Boerner] 171 (Fe) 

cellular proliferation induced by subretinal injection of 
vitreous in rabbit [Zhu] 406 (Mr) 

clinical signs and medical therapy of early Acanthamoeba 
keratitis [Lindquist] 73 (Ja) 

contact lens-induced epithelial dendriform configurations 
(letter) [Josephson] 164 (Fe) 

diamond burring and surgical keratectomy, morphologic 
comparison in rabbit [Lance] 830 (Je) 

elevated corneal epithelial lines in Acanthamoeba kerati- 
tis [Florakis] 1202 (Se) 

fluorouracil therapy for intraocular Greene melanoma in 
rabbit [Olsen] 812 (Je) 

goblet cell density in thermal and chemical injuries 
(letter) [Brent] 722, (reply) [Ohji] 723 (Je) 

histopathologic findings in Best’s vitelliform macular 
dystrophy [O’Gorman] 1261 (Se) 

necrotic changes of choroidal melanocytes in sympathetic 
ophthalmia [Inomata] 239 (Fe) 

observations on lens epithelial cells and their removal in 
anterior capsule specimens [Hara] 1683 (De) 

ocular siderosis [Sneed] 997 (Jy) 

olivopontocerebellar atrophy with retinal degeneration, 
ag and ocular histopathologic study [Traboulsi] 801 


e 

permeability of human cornea and sclera to sulfonamide 
carbonic anhydrase inhibitors [Edelhauser] 1110 (Au) 

radial intrastromal lines in Acanthamoeba keratitis 
(letter) [Insler] 883 (Jy) 

reevaluation of corneal complications after closed vitrec- 
tomy [Chung] 916 (Jy) 

ae isis associated with optic nerve pits [Lincoff] 61 

a 

suction trephine block for marking donor corneal buttons 
[Pflugfelder] 276 (Fe) 

topical fibronectin and corneal epithelial wound healing in 
rabbit [Newton] 1277 (Se) 

treatment of lacrimal punctal stenosis with one-sni 
canaliculotomy and temporary puncta! plugs (letter 
[Kristan] 878 (Jy) 

Equipment and Supplies 

accuracy and precision of Tono-Pen in measuring intraoc- 
ular pressure after keratoplasty and epikeratophakia 
and in scarred corneas [Rootman] 1697 (De) 

binocular corneal reflex in infants (letter) [Holte] 723 (Je) 


brush back-flush needle 'Zivojnovié] 695 (My) 

clinical evaluation of cavitron biotronics tonometer 
[Miller] 1210 (Se) 

combined needle holder and seissors [Patel] 1472 (Oc) 

comparison of Tono-Pen to Goldmann applanation tonom- 
eter [Frenkel] 750 (Je) 

configuration of corneal trephine opening using 5 different 
trephines in human donor eyes [van kij] 1228 (Se) 

corneal toxicity from hydrogen peroxide-soaked tonome- 

_ ter tips (lettter) [Pogr@bniak] 1505 (No) 

influence of simulated light scattering on automated peri- 

_ metric threshold measurement [Heuer] 1247 (Se) 

interactive model eye fer use with ophthalmic instru- 
ments same 126 (Ja) 

lid spatula [Patel] 128 (Ja) 

magneti forceps for metallic corneal foreign bodies 
(letter) [Arnold] 1502 (No) 

methodological considerations in glare testing in patients 
with cataracts vener) Prager] 1501 (No) 

modified disposable endowdluminator (letter) 310 (Mr 

multiple lens pee ie case (letter) [Mansour] 310 (Mr) 

new Crawford hook, is it safe? (letter) [Hawes] 1648 (De 

new device for performing fluid-gas exchanges [Kleiner 
421 (Mr) 

new multipurpose gauas [Mizuno] 1309 (Se) 

new solid-state, frequeacy-doubled neodymium-YAG 
photocoagulation system [Jalkh] 847 (Je) 

ocutome vitrector in hig myepia (letter) [Lipman] 446 


preschool vision screening starts at 6 months of age 
(letter) [Romai 307 (Mr) 

silicone oil for proliferative vitreoretinopathy, does it help 
or hinder? [Glaser] 323Mr) 

simple grip/protector forgoniefundus and indirect oph- 
thalmoscopic lenses (leiter) PWilson] 1650 (De i 

suction trephine block formarking donor corneal buttons 
[Pflugfelder] 276 (Fe) 

Tone Fen, manometric aad clinical study [Boothe] 1214 


(Se 

use of circular! Becher light in fundus and optic disc 
chaiternahy L ariza] 1001 (Jy) 

Ergocalciferol 

Verhoeff’s query, is vitamin D effective against retino- 
blastoma? [Albert] 536 Ap) 

Ergonomics see Human Engineering 

Erythema Nodosum 

acute posterior multifocal placoid igent epitheliopathy 
and cerebral vasculitis Wilseən| 796 (Je) 

Erythrocyte Sedimentation see Blood Sedimentation 

Erythrocytes i 

antioxidant status in persens with and without senile cat- 
aract [Jacques] 337 (Mr 

cavernous hemangioma ofopticdise (letter) [Mansour] 22 


a 
neon spherulosis in vitreous cavity [Grossniklaus] 
y 

oral zinc in macular degeneration [Newsome] 192 (Fe) 

Escherichia coli 

rapid visualization of Acenthamoeba using fluorescein- 
conjugated lectins [Robm] 1273 (Se) 

Esotropia see Strabismus 

Ethmoid Sinus 

bilateral cavernous sinus thrombosis due to mucormyco- 
sis [Johnson] 1089 (Au) 

Evoked Potentials, Visual 

acute idiopathic blind spat enlargement, big blind spot 
syndrome without optic disc edema [Fletcher] 44 (Ja) 

visual evoked potentials to multiple temporal frequencie 
ae r ~ yipamine diagnosis of optic neuropathy [Bobak] 

y 

Exotropia see Strabismus 

Exudates and Transudates 

hemangiomalike masses ef retina [Campochiaro] 1409 


c 
Eye see also Refraction, ®cular 
ueous humor penetration of ciprofloxacon in human eye 
Skoutelis] 404 (Mr) 
ocular albinism [Lewen] 120 (Ja) 
oculocardiac reflex in identical twins (letter) [Arnold] 879 


y. 
photographic method for evaluation of oculoplastic sur- 
gery (lester) [Pavel <j Se 
transcleral neodymium-Y AG cyelophotocoagulation, his- 
y e study of human autopsy eyes [Hampton] 1121 

u 


Eye Color 

visual field constriction caused by colored contact lenses 
[Insler] 1680 (De) 

Eye Diseases 

exfoliation ey Dera pronilents in southeastern United 
States population [Cashwell] 235 (Mr) 

pseudoretraction of eyelid m thyroid-associated orbitop- 
athy [Gonnering] 1078 (Au) 

nie nerve palsy and pupil, footnotes to rule [Trobe] 601 


(My 

use of linked DNA probes for carrier detection and diag- 
nosis of X-linked juvenileretinoschisis [Dahl] 1414 (Oc) 

Eye Drops see Ophthalmic Solutions 

Eye Foreign Bodies 

magnetized forceps for metallic corneal foreign bodies 
(letter) [Arnold] 1502 (No) 

Eye Injuries see also Wounds and Injuries; Wounds, Non- 
penetrating; Wounds, Penetrating 

acute angle closure glaucema in nonperforating blunt 
trauma (letter) [Kutner] 19 (Ja) 

California syndrome, threat to ail [Keltner] 1053 (Au) 

detection and localization cf nonmetallic intraocular for- 
ag bodies by magnetic resonance imaging [LoBue] 260 

e 

epidemiological study of eye injunies in Brazilian children 

[Moreira] 78 (Je) 

goblet cell density in thermal and chemical injuries 
(letter) [Brent] 722, (reply) [Obji] 723 (Je) 


Subject Index 1747 
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histopathology of traumatic corneal rupture after radial 
keratotomy [Binder] 1584 (No) 
ee eye injuries in New England adults [Glynn] 
e 
Israeli ocular injuries study, nationwide collaborative 
study [Koval] 776 (Je) 
ars a for traumatic retinal incarceration [Han] 640 
y 
Eye Movements 
infrared oculography of Duane’s retraction syndrome 
(type 1) [Moore] 943 (Jy) 
treatment of partially accommodative esotropia with high 
- accommodative convergence-accommodation ratio 
oe) [Simonsz] 447, (replies) [Kushner, Mims] 447, 448 
p 
Eye Neoplasms 
acata — injury of ocular adnexa [Stephens] 389 
r 
basal cell carcinoma masquerading as ectropion [Beyer] 
170 (Fe) 
cutaneous malignant melanoma in survivors of heritable 
retinoblastoma [Traboulsi] 1059 (Au) 
epibulbar fibroma of conjunctival substantia propria [Ja- 
kobiec] 661 (My) 
fluorouracil therapy for intraocular Greene melanoma in 
rabbit [Olsen] 812 (Je) 
in vitro melanoma cell growth after preenucleation radi- 
ation therapy [Kenneally] 223 (Fe) 
an arising de novo in 16-month period [Sahel] 381 


r 

multiple myeloma involving iris [Shakin] 524 (Ap) 

neurilemoma as presenting feature of neurofibromatosis 
Bickler-Bluth] 665 (My) 

orbital angiolipoma [Feinfield] 1093 (Au) 

orbital neurilemoma [Bergin] 414 (Mr) 

primary orbital leiomyosarcoma, case report and review 
of literature [Meekins] 82 (Ja) 

sinus histiocytosis presenting as epibulbar mass, clinico- 
pathologic case report [Stopak] 1426 (Oc) 

Eyelashes 

elective excision of permanent eyeliner (letter) [Putter- 
man] 1034 (Au) 

Eyelid Diseases 

epidermal cysts of eyelid [Kronish] 270 (Fe) 

experience with new detergent lid scrub in management of 
chronic blepharitis (letter) [Polack] 718 (Je) 

pseudoretraction of eyelid in thyroid-associated orbitop- 
athy [Gonnering] 1078 (Au) 

simple dacryops [Nerad] 1129 (Au) 

Soenen of chronic blepharitis (letter) [Leibowitz] 720 

e 

Eyelid Neoplasms 

astigmatism associated with adnexal masses in infancy 
(letter) [Reifler] (reply) [Bogan] 448 (Ap) 

band “reer an calcific lid lesions in tumoral calci- 
nosis (letter) [Bruns] 725 (Je) 

breast carcinoma metastatic to eyelids [Nelson] 105:1724 
(De); correction, 106:188 (Fe) 

sebaceous gland carcinoma [Ross] 119 (Ja) 

sinus histiocytosis presenting as epibulbar mass, clinico- 
pathologic case report [Stopak] 1426 (Oc) 

Eyelids 

ac oe injury of ocular adnexa [Stephens] 389 

r 


combined excision and drainage with intralesional corti- 
costeroid injection in treatment of chronic chalazia 
[Epstein] 514 (Ap) 

elective excision of permanent eyeliner (letter) [Putter- 
man] 1034 (Au) 

eyelid oleogranulomas, caused by petroleum jelly injec- 
tion [Boynton] 550 (Ap) 

full-thickness unipedicle flap for lower eyelid reconstruc- 
tion [Anderson] 122 (Ja) 

lid spatula [Patel] 128 (Ja) 

short-term effects of unilateral 1% apraclonidine hydro- 
chloride therapy [Robin] 912 (Jy) 

treatment for inadvertent cyanoacrylate tarsorrhaphy 
(letter) [Raynor] 1033 (Au) 

upper eyelid crease gn on approach to dermoid and epi- 

ermoid cysts in children [Kronish] 1625 (No) 


F 


Facial Nerve 

vasoactive intestinal polypeptide and innervation of hu- 
man lacrimal gland [Sibony] 1085 (Au) 

Factor XI Deficiency 

peripheral retinal vascular lesions in patients with Gau- 
cher disease and factor XI deficiency (letter) [Freedman] 
1351 (Oc) 

Faculty, Medical 

Association of University Professors of Ophthalmology, 
ee involvement in important issues [Sugar] 893 

y 

False Negative Reactions 

ag yp A indexes of automated perimetric tests [Katz] 
1252 (Se) 


False Positive Reactions 
foe A indexes of automated perimetric tests [Katz] 
1252 (Se) 


Fellowships and Scholarships 
mar 9d fellowship training in ophthalmology [Jones] 
y 


Fenestration 

optic nerve sheath fenestration in pseudotumor cerebri, 
lateral orbitotomy approach [Tse] 1458 (Oc) 

results of optic nerve sheath fenestration for pseudotumor 
cerebri, lateral orbitotomy [Corbett] 1391 (Oc) 

Fiber Optics 

— disposable endoilluminator (letter) 310 (Mr) 

s 

restriction fragment length polymorphism analysis of 

mutated transthyretin in vitreous amyloidosis 
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[Sandgren] 790 (Je) 
Fibrin 


experimental epikeratophakia with biological adhesive 
Rostron] 1103 (Au) 

intravi clearance of tissue plasminogen activator in 
rabbit [Jaffe] 969 (Jy) aris 

treatment of postvitrectomy fibrin formation with in- 
oe tissue plasminogen activator [Williams] 1055 


(Au 

Fibrinogen 

iris inflammatory cells, fibronectin, fibrinogen, and im- 
munoglobulin in various ocular diseases Ni] 392 (Mr) 

uses of thrombin in ocular surgery, effect on corneal en- 
dothelium [Mannis] 251 (Fe) 

Fibroblasts 

cellular proliferation after experimental glaucoma filtra- 
tion surgery [Jampel] 89 (Ja) 

epibulbar fibroma of conjunctival substantia propria [Ja- 
kobiec] 661 (My) 

extracellular modulating factors and control of intraocu- 
lar neovascularization, overview [Glaser] 603 (My) 

quantification of cellular proliferation in experimental 
proliferative vitreoretinopathy [Hatchell] 669 (My) 

retinal pigment epithelia! cells in culture produce retinal 
vascular mitogens [Wong] 1439 (Oc) 

role of breakdown of blood-retinal barrier in cell- injection 
agg of proliferative vitreoretinopathy [Sen] 1291 
(Se) 


suppression of experimental tractional retinal detach- 
ment by low-dose radiation therapy [Meredith] 673 (My) 

Fibroma 

epibulbar fibroma of conjunctival substantia propria [Ja- 
kobiec] 661 (My) 

Fibronectins 

dexamethasone inhibition of phagocytosis by corneal 
keratocytes in culture [Mishima] 978 (Jy) 

iris inflammatory cells, fibronectin, fibrinogen, and im- 
munoglobulin in various ocular diseases Ñi) 392 (Mr) 

serum is chemotactic for retinal-derived glial cells [de 
Juan] 986 (Jy) 

topical fibronectin and corneal epithelial wound healing in 
rabbit [Newton] 1277 (Se) 

Fibrosis 

ocular muscle fibrosis following cataract extraction 
(letter) [Kushner] 18 (Ja) 

optic nerve sheath decompression for pseudotumor cere- 
bri [Brourman] 1378 (Oc) 

optic nerve sheath decompression, how does it work? has 
its time come? [Keltner] 1365 (Oc) 

KT -ittir of premacular fibroplasia [Poliner] 

e 

Fick, Adolf Eugen (1852-1937) 

centenary celebration of Fick’s Eine Contactbrille [Efron] 
1370; contact-lens (1888) [Fick] 1373 (Oc) 

Filtration 

cellular proliferation after experimental glaucoma filtra- 
tion surgery Sempa 89 (Ja) 

delayed suprachoroidal hemorrhage following filtration 
surgery (letter) [Kaplan] 585 (My) 

Flavoproteins 

noninvasive metabolic analysis of preserved rabbit cornea 
[Tsubota] 1713 (De) 

Fluorescein Angiography 

acute idiopathic blind spot enlargement, big blind spot 
syndrome without optic dise edema [Fletcher] 44 (Ja) 

cavernous hemangioma of optie disc (letter) [Mansour] 22 


a) 

differential effect of Bordetella pertussis on experimental 

posterior uveitis in black-hooded Lister rat [Stanford] 
a 

findings of standardized echography for choroidal folds 
[Atta] 1234 (Se) 

fluorescein elimination in human breast milk (letter) 
sa coupe 718 (Je) 

following up patients with central retinal vein occlusion 
[Bresnick] 324 (Mr) 

hemangiomalike masses of retina [Campochiaro] 1409 


c 

idiopathic senile macular hole, early stages and patho- 
genesis [Gass] 629 (My) 

macular degeneration, is there nutritional component? 
[Weiter] 183 (Fe) 

menoma arising de novo in 16-month period [Sahel] 381 

r 

multiple evanescent white dot syndrome (letter) [Aaberg] 
1162, (reply) [Hoyt] 1163 (Se) 

natural course of poorly defined choroidal neovascular- 
ization associated with macular degeneration [Bressler] 
1537 (No) 

neovascularization in central retinal vein occlusion, elec- 
troretinographic findings [Johnson] 348 (Mr) 

observations following laser treatment for choroidal neo- 
vascularization [Fine] 1524 (No) 

photochemical initiation of thrombosis, fluorescein angio- 
graphic, histologic, and ultrastructural alterations in 
choroid, retinal pigment epithelium, and retina [Roys- 
ter] 1608 (No) 

photothrombosis of corneal neovascularization by intra- 
venous rose bengal and argon laser irradiation | Huang] 
680 (My) 

response of diabetic retinopathy to 41 months of multiple 
insulin injections, insulin pumps, and conventional in- 
sulin therapy [Brinchmann-Hansen] 1242 (Se) 

retinal toxicity from operating microscope, protective ef- 
fect by fovea (letter) [Jaffe 445 (Ap) 

Fluoresceins 

endothelial morphologic features and function after long- 
iy extended wear of contact lenses [Carlson] 1677 

e 

fluorescein elimination in human breast milk (letter) 
[Maguire] 718 (Je) 

interactive model eye for use with ophthalmic instru- 
ments [Zeimer] 126 (Ja) 


- 


progression of nonproliferative diabetic retinopathy fol- 
win cataract extraction [Jaffe) 745 (Je) 
prostaglandin-independent inhibition of ocular vascular 
rmeability by platelet-activating factor antagonist 
[Rubin] 1116 (Au) 
quantitative assessment of postsurgical breakdown of 
blood-aqueous barrier following administration of 0.5% 
ketorolac tromethamine solution, double-masked, 
aired comparison with vehicle-placebo solution-study 
Flach] 344 (Mr) 
rapid visualization of Acanthamoeba using fluorescein- 
conjugated lectins Lori 1273 (Se) i 
roleof breakdown of blood-retinal barrier in cell- injection 
motels of proliferative vitreoretinopathy [Sen] 1291 
e 


topical fibronectin and corneal epithelial wound healing in 
rabbit [Newton] 1277 (Se) 

Fluorescence Angiography see Fiuorescein Angiogra- 
phy 

Fluorides 

survey of intraocular gas use in North America [Gardner] 
1188 (Se) 

Fluorocarbons 

delayed suprachoroidal hemorrhage following filtration 
surgery (letter) [Kaplan] 585 (My) 

perfluoropropane gas, modified panretinal photocoagula- 
tion, and vitrectomy in management of severe prolifer- 
ative vitreoretinopathy [Fisher] 1255 (Se) 

Fluorometry 

effects of cyclocryotherapy on aqueous humor dynamics in 
cats [Higginbotham] 396 (Mr) 

noninvasive metabolic analysis of preserved rabbit cornea 
[Tsubota] 1713 (De) 

Fluorouracil 

concentration change of fluorouracil in external segment 
of eye after subconjunctival injection ko 1718 (De) 

effect of fluorouracil on corneal endotheluim [Mannis] 816 


e 

fluorouracil therapy for intraocular Greene melanoma in 
rabbit [Olsen] 812 (Je) 

quantification of cellular proliferation in experimental 
proliferative vitreoretinopathy [Hatchell] 669 (My) 

Flurbiprofen see Propionates 

Fogarty Balloon Catheterization see Balloon Dilatation 

Foley Balloon Catheterization see Balloon Dilatation 

Follow-Up Studies 

epidemiological study of eye injuries in Brazilian children 
[Moreira] 781 (Je) 

extracapsular cataract extraction using temporal limbal 
approach after filtering operations [Antonios] 608 (My) 

ermic stainless steel tacks and companion inserter 
ea for peripheral fixation of retina [O’Grady] 271 
‘ 


long-term comparison of epikeratoplasty and penetrating 
keratoplasty for keratoconus [Steinert] 493 (Ap) 

sopot einen ine of premacular fibroplasia [Poliner] 

e 

2-year results of reoperations for radial keratotomy 
Sawelson] 497 (Ap) 

Forecasting 

back to future, study looks at health care in 1990s, in fo- 
cus [Springer] 1041 (Au) 

Foreign Bodies 

detection and localization of nonmetallic intraocular for- 
eign bodies by magnetic resonance imaging [LoBue] 260 

e 


h ermic stainless steel tacks and companion inserter 
palged for peripheral fixation of retina [O’Grady] 271 
e 


insect foreign body in cornea (letter) [Lawton] 1171 (Se) 

ocular siderosis [Sneed] 997 (Jy) 

Formaldehyde 

lateral orbitotomy without removal of lateral orbital rim 
[Witschafter] 1463 (Oc) 

Formalin see Formaldehyde 

Fovea Centralis see Macula Lutea 

Freeze Drying - 

temporary tarsorrhaphy enhances reepithelialization af- 
ter epikeratoplasty (letter) [Wagoner] 13 (Ja) 

Freund’s Adjuvant 

differential effect of Bordetella pertussis on experimental 
pore uveitis in black-hooded Lister rat [Stanford] 

a 

FROM THE ARCHIVES OF THE ARCHIVES 

10 (Ja), 162 (Fe), 304 (Mr), 444 (Ap), 576 (My), 714 (Je), 872 
(Jy), 1028 (Au), 1156 (Se), 1337 (Oc), 1500 (No), 1644 (De) 

Fuchs’ Endothelial Dystrophy see Corneal Dystrophies 

Fundus Fluorescence Photography see Fluorescein An- 
giography 

Fundus Oculi see also Ophthalmoscopy 

abnormal axonemes in X-linked retinitis pigmentosa 
[Hunter] 362 (Mr) e 

ae vs chiastopic (letter) [Lewis] (reply) [Brod] 723 - 

e 

cotton-wool spots in ap immunodeficiency g 
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oro) metastases from prostate carcinoma [Boldt] 1403 
c 


Outpatients see Patients 

Oxidants, Photochemical 

photochemical initiation of thrombosis, fluorescein angio- 
graphic, histologic, and ultrastructural alterations in 
choroid, retinal pigment epithelium, and retina [Roys- 
ter] 1608 (No) 

Oxygen 

oxygen transmissibility, thickness, and water content of 3 
types of collagen shields [Weissman] 1706 (De) 

survey of intraocular gas use in North America [Gardner] 
1188 (Se) 

Oxygen Deficiency see Anoxia 

Oxyhemoglobins 

new solid-state, frequency-doubled neodymium-YAG 
photocoagulation system [Jalkh] 847 (Je) 


P 


Pain 
gah metastases from prostate carcinoma [Boldt] 1403 
c 

Papilledema see also Ophthalmoscopy 

modified optic nerve sheath decompression provides long- 
term visual improvement for pseudotumor cerebri [Ser- 
gott] 1384 (Oc) 

optic nerve sheath decompression, how does it work? has 
its time come? [Keltner] 1365 (Oc) 

visual evoked potentials to multiple temporal frequencies 
use in differential diagnosis of optic neuropathy [Bobak 
936 (Jy) 

Papio 

ultrastructural evidence for lymphatic capillaries in pri- 
mate choroid [Krebs] 1615 (Na) 

Paranasal Sinus Neoplasms 

acute radiation injury of ocular adnexa [Stephens] 389 


r 

Parasitic Diseases 

intracorneal ophthalmomyiasis (letter) [Laborde] 880 (Jy) 

Parasympathetic Nervous System 

vasoactive intestinal lypeptide and innervation of hu- 
man lacrimal gland [Sibony] 1085 (Au) 

Parasympatholytics 

oculocardiac reflex in identical twins (letter) [Arnold] 879 


Parasympathomimetics 

topical 8-blocker therapy and central nervous system side 
effects, preliminary study comparing betaxolol and 
timolol Lynch} 908 (Jy) 

Paresis 

painless, pupil-sparing but otherwise complete oculomo- 
tor nerve paresis caused by basilar artery aneurysm 
(letter) [Lustbader] 583 (My) 

transient oculomotor nerve misdirection in case of pitu- 


an tumor with hemorrhage (letter) [Johnson] 584 
(My 


Pars Plana 
scleral depression to facilitate endophotocoagulation~ 
(letter) [Fisher] 721 (Je); correetion, 1032 (Au) 


surgical management of premacular fibroplasia [Poliner] — 


(Je) 
oy a for traumatic retinal incarceration [Han] 640 


y 

Patient Compliance 

semantic follow-up, adherence is better term than com- 
pliance is better term than cooperation (letter) [Ro- 
mano] 450 (Ap) 

Patients 

fluid-gas exchange after vitrectomy using long-actin 
gases in outpatient setting (lettter) [Lambrou] 1344 (Oc 

r e A re N after vitreoretinal surgery 

sernhagen] 767 (Je) 

ophthalmologists find practice marketing services useful 
[Kopriva] 24 (Ja) 

semantic follow-up, adherence is better term than com- 
pliance is better term than cooperation (letter) [Ro- 
mano] 450 (Ap) 

to admit or not to admit, that is the question (letter) 
[Fleischman] (reply) [Michels] 1501 (No) 

Pediculocides 

corneal damage following use of pediculocide A-200 pyri- 
nate (letter) [Pe’er] 16 (Ja) 

Peer Review 

transplantation of retinal pigment epithelial cells, scien- 
ne advance and social responsibility [Fishman] 1667 

e 

Pemphigus 

goblet cell density in thermal and chemical injuries 
(letter) [Brent] 722, (reply) [Ohji] 723 (Je) 

Pencillins 

Branhamella keratitis resistant to penicillin and ceph- 
cats [Higginbotham] 396 (Mr) 

preschool vision screening starts at 6 months of age 
(letter) {Romano] 307 (Mr) 

Peptides 

vasoactive intestinal polypeptide and innervation of hu- 
man lacrimal gland [Sibony] 1085 (Au) 

Perfluorocarbons see Fluorocarbons 

Perimetry see also Visual Fields 

influence of simulated light scattering on automated peri- 
metric threshold measurement [Heuer] 1247 (Se) 

Er aes of automated perimetric tests [Katz] 
1252 (Se 

retinal sensitivity over drusen and nondrusen areas, study 
using fundus perimetry [Sunness] 1081 (Au) 

— paeng in canthaxanthin maculopathy [Harnois] 

a 


Periodic Acid-Schiff Reaction see Histocytochemistry 

Periodicals 

analysis of ARCHIVES’ most frequently cited articles [Al- 
bert] 465 (Ap) 

further dissemination of ophthalmic knowledge [Gold- 
berg] 1523 (No) 

prets aikpangon and medical news (letter) [Kutner] 879 
(Jy 

press embargoes and medical news--who will watch 
watchers? Springer] 457 (Ap) 

Peripheral Nerves 

vasoactive intestinal polypeptide and innervation of hu- 
man lacrimal gland [Sibony] 1085 (Au) 

Periphliebitis see Phiebitis 

Peritoneovenous Shunt 

optic nerve sheath decompression, how does it work? has 
its time come? [Kelt:, | 1365 (Oc) 

Permeability 

permeability of human cornea and sclera to sulfonamide 
carbonic anhydrase inhibitors [Edelhauser] 1110 (Au) 

prostaglandin-independent inhibition of ocular vascular 

rmeability by platelet-activating factor antagonist 

Rubin] 1116 (Au) 

Peroxidases 

heterogeneity in macular corneal dystrophy [Edward] 
1579 (No) 

Personality Disorders 

California syndrome, threat to all [Keltner] 1053 (Au) 

Petrolatum 

eyelid oleogranulomas, caused by petroleum jelly injec- 
tion [Boynton] 550 (Ap) 

Petroleum Jelly see Petrolatum 

Phagocytes 

histopathologic findings in Best's vitelliform macular 
dystrophy [O'Gorman] 1261 (Se) 

Phagocytosis 

dexamethasone inhibition of phagocytosis by corneal 
keratocytes in culture [Mishima] 978 (Jy) 

Pharmacokinetics 

concentration change of fluorouracil in external segment 
of eye after subconjunctival injection [Kondo] 1718 (De) 

ocular dialysis, new technique for in vivo intraocular 
pharmacokinetic measurements [Ben-Nun] 254 (Fe) 

Phenylephrine 

pseudoretraction of eyelid in thyroid-associated orbitop- 
athy [Gonnering] 1078 (Au) ; 

Phiebitis 

serpiginous choroiditis with branch vein occlusjon and bi- 
lateral periphlebitis (letter) [Friberg] 585 (My) 

Phorias see Strabismus 

PHOTO ESSAY 

breast carcinoma metastatic to eyelids [Nelson] 105:1724 
(De); correction, 106:188 (Fe) 


congenital hypertrophy of retinal [Bie epitheliunt in . 


familial adenomatous polyposis Dine lease) 412 (Mr) 

epidermal! cysts of eyelid [Kronish] 270 (fe) 

eyelid oleogranulomas, caused by petroleum jelly injec- 
tion (Boynton 550 (Ap) 

Mooren’s ulcer [Clinch] 691 (My) 

multifocal idiopathic serous detachment of retinal pig- 
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| 
s 


ocular albinism |Lewen 


ment epithelium [Sie whos (Je) 
ji (Ja) 
ocular siderosis Sneed] 997 \Jy) 


orbital meurilemoma Boe in) 414 (Mr) 


pituitary apoplexy [Slavin] 269 (Fe) 

plasmacytoma o“ orbit [Tung] 1622 (No) 

sebaceous giand carcinoma [Ross] 119 (Ja) 

simple dacryops Nerad] 1129 (Au) 

soli eonjuncttvai hemangioma presenting as chocolate 
out teal 145% (De) i 

spentaneous psexdchypopyon secondary to diffuse infil- 
trating retinoblastoma [Shields] 1301 (Se) 

topical retinoic treatment for conjunctival squamous 
metapéasia [Nelson] 1723 (De) 

Photochemistry 

photethnembosis-«f corneal neovascularization by intra- 
yenousrose benga! and argon laser irradiation (Hinang) 


680 (My) 
Photocoagulation see Light Coagulation 
Photography P. ba 
evaluation of lers opacities Gassification system [Leske] 


327 (Mr) | eRe 
learning skill of chiastopic direct stereopsis (letter) [Brod] 


15 (Ja) 
lens opaeities classification system [Ch ack] 330 (Mr) 
photographic methed for evaluation o oculoplastic sur- 

gery (letter) [Batel] 1346 (Oc) 

tarized light in fundus and optic dise 
ariza] 1001 (Jy) 


use of circular] 
photography 

Photometry 

binecular corneal reflex in infants (letter) [Holte] 723 we) 

clinical evaluatien of photorefractor (letter) [McIntyre 
eeply Morgan 1031 (Au) 

color viston defeets in ocular hypertension and glaucoma, 

antification with computer-driven color television 

system [Gündëz] 929 (Jy) ae 

effects oftyclocryotlerapy omaqueous humor dynamics in 

olivopontocerebeflar atrophy with retinal degeneration, 
— E oculamhistopathologic study [Traboulsi] 801 

) 

Photoresepiors 

histopathologic features of adult-onset foveomacular pig- 
ment epitheliai dystrophy [Jaffe] 958 G ) 

histopathologic in@ings in Best’s vitelliform macular 
cystrovhy [O'Gorman] 1261 (Se) 

macular grid pkotoroagulation, experimental study on 
primate retina Wilson] 100 (Ja) 

neevascuiarizatien im central retinal vein occlusion, elec- 
troretimographic cote [Johnson] 348 (Mr) 

transplantation #f retinal pigment epithelial cells, scien- 
tific acvance and social responsibility [Fishman] 1667 


(De) 

Phatosensitivity Disorders 

fluerescezn elimimation in human breast milk (letter) 
[Maguire] 718 (Je) 

operating microscope-induced retinal phototoxicity dur- 
ing pars planawitrectomy [McDonald] 521 (Ap) 

prevectien from operating microscope-induc retinal 

ototoxieity during pars plana vitrectomy (letter) 
lynmi 1032 (u) 

Phototherapy 

fluerescem elimination in human breast milk (letter) 
[Maguire] 718 Je) 

Phototoxicity see Photosensitivity Disorders 

Physiciar-Patienm Relations 

help for patients with vision loss (letter) [Weisse] 581 (My) 

how do e deal with our own feelings about lindness 
[Parrish] 31 (J2) 

semanticfollow-p, adherenee is better term than com- 
pliance is better term than cooperation (letter) [Ro- 
mano} 450 (A p» 

Physicians 

alternative to tort system urged by AMA, specialty soci- 
eties [Springer 318 (Mr) 

AMA President + rallies ophthalmologists at AAO 
meeting (Springer! 1660 (De) 

Harvard RERVS study creates controversy [Foreman] 
E516 (No) ; 

numberof US ophthalmologists up, but percentage de- 
clines Springer | 730 (Je) 

ophthalmologist=find practiee marketing services useful 
[Kopriza] 24 (Ja) 

Physiologic Avaitability see Biological Availability 

Pigment Epithelium of Eye 

acute leukemia presenting asretinal pigment epithelium 
[Tang] letter) 21 Ja) 

acute posserior multifocal placoid pigment epitheliopathy 
and cerebral vasculitis “ison} 796 (Je) 

choroidopathy in systemic lupus erythematosus [J abs] 230 


configuration of 
coma [Nevare 
congenital repovhy of retinal pigment epithelium in 
familia! adenomatous polyposis [Diaz-Llopis 412 (Mr) 
corneoseierai autetransplant [Lustbader] 953 (Jy) 
differential effecteof Sordetelin pertussis on experimental 
— uveitis in black-hooded Lister rat [Stanford] 
) 
evclutiom of argae laser photocoagulation scars in pa- 
or ae ocular histoplasmosis syndrome [Shah] 1533 
extracellular modulating factors and control of intraocu- 
lar neevascularization, overview [Glaser] 603 (My) 
hemorrhagic peripheral pigment epithelial disease 
[Delaney] 646 @iy) , 
histopatinlogic features of adult-onset foveomacular pig- 
‘nent epithelia dystrophy pasel 958 (Jy) 
histopathologic. ŝačings in Best’s vitelliform macular 
dystromhy {0"Gərman] 1261 (Se) 
macular grid phetoeoagulation, experimental study on 
primate retina [Wilson] 100 (Ja) 
morpholezy of pig retinal pigmént epithelium maintained 
in organ culture [Bel Priore] 1286 (Se) 


- SVN tissue in unilateral glau- 
901 (Jy) 
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multifocal idiopathic serous detachment of retinal pig- 
ment epithelium [Siegel] 845 (Je) 

multiple evanescent white dot syndrome (letter) [Aaberg] 
1162, (reply) [Hoyt] 1163 (Se) 


olivopontocerebellar atrophy with retinal degeneration, 
clinical and ocular histopathologic study [Traboulsi] 801 


e) 

oral zinc in macular degeneration [Newsome] 192 (Fe) 

photochemical initiation of thrombosis, fluorescein angio- 
graphic, histologic, and ultrastructural alterations in 
choroid, retinal pigment epithelium, and retina [Roys- 
ter] 1608 (No) 

retinal grr epithelial cells in culture produce retinal 
vascular mitogens [Wong] 1439 (Oc) 

retinal sensitivity over drusen and nondrusen areas, study 
ir fundus perimetry [Sunness] 1081 (Au) 

role of breakdown of bleod-retinal barrier in cell- injection 
ee of proliferative vitreoretinopathy [Sen] 1291 


transplantation of retinal pigment epithelial cells, scien- 
tific advance and soeial responsibility [Fishman] 1667 


e 

Pigmentation Disorders 

cellular proliferation induced by subretinal injection of 
vitreous in rabbit [Zhu] 406 (Mr) 

olivopontocerebellar atrophy with retinal degeneration, 
i> Sm and ocular histopathologic study [Traboulsi] 801 

e 

Pigments 

effect of some treatment variables on results of trabecu- 
loplasty [Rouhiainen] 611 (My) 

elective excision of permanent eyeliner (letter) [Putter- 
man] 1034 (Au) 

histopathologic findings in Best’s vitelliform macular 
dystrophy [O'Gorman] 1261 (Se) 

macular degeneration, is there nutritional component? 
[Weiter] 183 (Fe) 
alosporins (letter) [Macsai] 1506 (No) 

group G Strptococci as cause of bacterial endophthalmi- 
tis [Berkey] 171 (Fe) 

Pigs see Swine 

Pilar Cyst see Epidermal Cyst 

Pilocarpine 

age-related loss of morphologic res i [iloa inein 
rhesus monkey ciliary muscle TLutjen- recoll} 1591 


(No) 

effects of topical ALO 2145 (p-aminoclonidine hydrochlo- 
ride, aplonidine hycrochloride) on acute intraocular 
pressure rise after argon laser iridotomy (letter) [Four- 
man] 307, (reply) [Rebin] 308 (Mr) 

on oer ins and ocular fluid dynamics (letter) 
{Waitzman] (reply) [Bito] 449 (Ap) 

total punctate keratopathy due to dipivefrin (letter) 
[Boerner] 171 (Fe) 

Pituitary Apoplexy 

magnetic resonance imaging in pituitary apoplexy [La- 
comis] 207 (Fe) 

pituitary apoplexy [Slavin] 269 (Fe) 

Pituitary Neoplasms 

malignant glioma of optic chiasm 8 years after radiother- 
apy for prolactinoma [Hufnagel] 1701 (De) 

transient oculomotor nerve misdirection in case of pitu- 
ery tumor with hemorrhage (letter) [Johnson] 584 
(My 

Placebos 

local tolerance and activity of MK-927, novel topical car- 
bonic anhydrase inhibitor [Lippa] 1694 (De) 

Plasma Cells 

eyelid oleogranulomas, caused by petroleum jelly injec- 
tion [Boynton] 550 (Ap) 

Plasmacytoma 

plasmacytoma of orbit. photo essay [Tung] 1622 (No) 

Plasminogen Activator, Tissue-Type 

intravitreal clearance ef tissue plasminogen activator in 
rabbit [Jaffe] 969 (Jy) 

treatment of postvitrectomy fibrin formation with in- 
enaa tissue plasminogen activator [Williams] 1055 

u 

Plasminogen Activators 

photocoagulation does not ablate an iogenic markers in 

rabbit retina [Campechiaro] 676 (My) 


Plastics 
second posterior chamber implant (letter) [Girard] 
1502 (No) 


Platelet Activating Factor 
prostaglandin-independent inhibition of ocular vascular 
rmeability by platelet-activating factor antagonist 

FRubin} 1116 (Au) 

Platelet-Derived Growth Factor 

serum is chemotactic for retinal-derived glial cells [de 
Juan] 986 (Jy) 

Platelets see Blood Platelets 

Plethysmography 

carotid artery disease, therapeutic enigma [Becker] 34 (Ja) 

Polarography 

oxygen transmissibility, thickness, and water content of 3 
types of collagen shields [Weissman] 1706 (De) 

Polyethylene Glycols 

treatment of chronic blepharitis (letter) [Leibowitz] 720 


Je) 
Polymorphism (Genetics) 
restriction fragment length 
mutated transthyretin 
[Sandgren] 790 (Je 
use of linked DNA probes for carrier detection and diag- 
nosis of X-linked juvenile retinoschisis [Dahl] 1414 (Oc) 
Polypeptides see Peptides 
Polyposis Coli, Familial 
congenital hypertrophy of retinal pigment epithelium in 
familial adenomatous polyposis [Diaz-Llopis] 412 (Mr) 
Polyposis Syndrome, Familial see Polyposis Coli, Famil- 
ial 


lymorphism analysis of 
in vitreous amyloidosis 


Polypropylenes see Plastics 





Lo es oe 


Polyvinyl Alcohol 

sodium hyaluronate and polyvinyl alcohol artificial tear 
preparations, com arison in patients with keratocon- 
junctivitis sicca [Nelsen] 484 (Ap) 

Polyvinyl Chloride see Polyvinyls 

Polyvinyls 

intraoperative reinflation of ruptured cystic tumors with 
balloon catheter (letter) [Gonnering] 580 (My) 

Postoperative Care 

hospitalization requirements after vitreoretinal surgery 
[Isernhagen] 767 (Je) 

Postoperative Complications 

inflammation due to surgical glove powders in rabbit eye 
[Karcioglu] 808 (Je) 

positive correlation of cornea! thickness and endothelial 
cell loss, serial measurements after cataract surgery 
[Cheng] 920 (Jy) 

reevaluation of corneal complications after closed vitrec- 
tomy [Chung] 916 (Jy) 

Potassium 

new solid-state, frequency-doubled neodymium-YAG 
photocoagulation system [Jalkh] 847 (Je) 

Powders 

inflammation due to surgical glove powders in rabbit eye 
[Karcioglu] 808 (Je) 

Prednisolone 

long-term comparison of epikeratoplasty and penetrating 
keratoplasty for keratoconus [Steinert] 493 (Ap) 

Pregnancy 

use of linked DNA probes for carrier detection and diag- 
nosis of X-linked juvenile retinoschisis [Dahl] 1414 (Oc) 

Presbyopia 

age-related loss of morphologie responses to pilocarpine in 
a monkey ciliary muscle [L”utjen-Drecoll] 1591 


(No) 
presbyopia [Bito] 1526 (No) 
Preventive Medicine 
ra eye injuries in New England adults [Glynn] 
e 
sight-saving month calls attention to eye care [Springer] 
593 (My) 
Prolactin 
malignant glioma of optie chiasm 8 years after radiother- 
apy for prolactinoma [Hufnagel] 1701 (De) — 
Prolapse t tad mer a ) 
suturing of stents after ocystorhinostomy (letter 
[Kersten] 1165, (reply) fAniersen] 1166 (Se) 
Propamidine 
corneal toxicity of eres [Johns] 68 (Ja) 
; correction, 1504 (No) 
Propane 
perfluoropropane gas, modified panretinal paces 
tion, and vitrectomy in management of severe prolifer- 
ative vitreoretinopathy [Fisher] 1255 (Se) 
Propionates 
multiple dosing increases ocular bioavailability of topi- 
cally administered flurbiprofen [Anderson] 1107 (Au) 
tonicity of flurbiprofen sodium (letter) [Feinstein] 311 
a 
Prostaglandin Synthase 
multiple dosing increases ocular bioavailability of topi- 
cally administered flurbiprofen [Anderson] 1107 (Au) 
Prostaglandins 
on prostaglandins and ocular fluid dynamics (letter) 
[Waitzman) (repi ) [Bito] 449 (Ap) 
pathogenesis of epidemic dropsy glaucoma [Sachdev] 1221 
prostaglandin-independent inhibition of ocular vascular 
rmeability by platelet-activating factor antagonist 
Rubin} 1116 (Au) 
Prostatic Neoplasms 
orbital metastases from prostate carcinoma [Boldt] 1403 


e : 

Protease Inhibitors 

extracellular modulating factors and control of intraocu- 
lar neovascularization, overview [Glaser] 603 (My) 

Prussian Blue Reaction see Histocytochemistry 

Pseudomonas 

topical ciprofloxacin treatment of Pseudomonas keratitis 
in rabbits [O’Brien] 1444 (Oc) 

treatment of experimental Pseudomomas keratitis using 
collagen shields containing tobramycin [Hobden] 1605 

o 

Pseudomonas aeruginosa 

iontophoresis of tobramycin for treatment of e rimen- 
tal Pseudomonas keratitis in rabbit [Rootman] 262 (Fe) 

Pseudomonas aeurginosa corneal ulcer associated with 
aerosol can of preservative-free saline (letter) [Riordan- 
Eva] 1506 (No 

Pseudotumor Cerebri 

modified optic nerve sheath decompression provides long- 
term visual improvement for pseudotumor cerebri [Ser- 
gott] 1384 (Oc) 

optic nerve sheath decompression for pseudotumor cere- 
bri [Brourman] 1378 (Qc) 

optic nerve sheath decompression, how does it work? has 
its time come? [Keltner] 1365 (Oc) 

optic nerve sheath fenestration in pseudotumor cerebri, 
lateral orbitotomy approach [Tse] 1458 (Oc) 

results of optic nerve sheath fenestration for pseudotumor 
cerebri, lateral orbitotomy [Corbett] 1391 (Oc) 


visual evoked potentials to multiple temporal frequencies 
use in differential diagnosis of optic neuropathy [Bobak 
936 (Jy) 

Pterygium 


gan cell reaction in pterygium (letter) [Grossniklaus] 312 
r 


Pterygoid Muscles see Masticatory Muscles 

Ptosis, Eyelid see Blepharoptosis 

Publishing 

analysis of ARCHIVES’ most frequently cited articles [Al- 
bert] 465 (Ap) . 

further dissemination of ophthalmic knowledge [Gold- 
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berg] 1523 (No) 
pren gated ial and medical news (letter) [Kutner] 879 
y 
press embargoes and medical news--who will watch 
watchers? [Springer] 457 (Ap) 
transplantation of retinal pigment epithelial cells, scien- 
tite advance and social responsibility [Fishman] 1667 


Puncture Biopsy see Biopsy, Needle 

Punctures 

treatment of lacrimal punctal stenosis with one-sni 
canaliculotomy and temporary punctal plugs (letter 
[Kristan] 878 (Jy) 

titer llary def l ] ) 
erent pupillary defect in asymmetric glaucoma (letter 
[Burde (ep) [Brown] 721 (Je) i 

intraocular diathermy for ney during vitreous 
surgery (letter) [Bovino] 1503 (No 

mechanisms of pupillary block (letter) [Mackool] 166, 
(reply) [Tomey} 167 (Fe) 

painless, pupil-sparing but otherwise complete oculomo- 
tor nerve paresis caused by basilar artery aneurysm 
(letter) [Lustbader] 583 (My) 

paradoxic pupillary phenomena, review of patients with 
popeiaty constriction to darkness [Frank] 1564 (No) 

reliability of brightness comparison: testing in predicting 
afferent pupillary defects frowning 341 (Mr) 

ar ai palsy and pupil, footnotes to rule [Trobe] 601 


y 
Pursuit, Smooth see Eye Movements 
Pyridines 
noninvasive metabolic analysis of preserved rabbit cornea 
[Tsubota] 1713 (De) 


Q 


Quality of Health Care 

back to future, study looks at health care in 1990s, in fo- 
cus [Springer] 1041 (Au) 
CFA mandates preapproval for cataract surgery [Fore- 
man] 1358 (Oc) 

Quality of Life 

animals in research and testing, who pays price for med- 
ical progress? [Smith] 1184 (Se) 

help for patients with vision loss (letter) teers kra (My) 

how do we deal with our own feelings about blindness 
[Parrish] 31 (Ja) 

Questionnaires 

survey of intraocular gas use in North America [Gardner] 
1188 (Se) 


Quinolines 
topical ciprofioxacin treatment of Pseudomonas keratitis 
in rabbits [O'Brien] 1444 (Oc) 


Rabbits 

cellular proliferation induced by subretinal injection of 
vitreous in rabbit [Zhu] 406 (Mr) 

collagen-shield delivery of gentamicin and vancomycin 
[Phinney] 1599 (No) 

concentration change of fluorouracil in external fogmint 
of eye after subconjunctival injection [Kondo] 1718 (De) 

dexamethasone inhibition- of phagocytosis by corneal 
kera s in culture [Mishima] 978 (Jy 

diamond burring and surgical keratectomy, morphologic 
comparison in rabbit [Lance] 830 (Je) 

experimental epikeratophakia with biological adhesive 
Rostron] 1103 (Au) 

fluorouracil therapy for intraocular Greene melanoma in 
rabbit [Olsen] 812 (Je) 

glial epiretinal membranes and contraction, immunohis- 
tochemical and morphological studies [Hui] 1280 (Se) 

hyperbaric and transcorneal delivery of oxygen to rabbit 
and monkey anterior segment [Jampol] 825 (Je) 

inflammation due to surgical glove powders in rabbit eye 
[Karcioglu] 808 (Je) 

intravitreal clearance of tissue plasminogen activator in 
rabbit [Jaffe] 969 (Jy) 

iontophoresis of tobramycin for treatment of experimen- 
tal P keratitis in rabbit [Rootman] 262 (Fe) 

multiple dosing increases ocular bioavailability of topi- 
cally administered flurbiprofen i gee 1107 (Au) 

new solid-state, frequency-doubled neodymium-YAG 
photocoagulation system |Jalkh] 847 (Je) 

noninvasive metabolic analysis of preserved rabbit cornea 
[Tsubota] 1713 (De) 

permeability of human cornea and sclera to sulfonamide 
carbonic anhydrase inhibitors [Edelhauser] 1110 (Au) 

photochemical initiation of thrombosis, fluorescein angio- 
graphic, histologic, and ultrastructural alterations in 
choroid, retinal pigment epithelium, and retina [Roys- 
ter] 1608 (No) 

photocoagulation does not ablate angiogenic markers in 
rabbit retina [Campochiaro] 676 (My) 

photothrombosis of corneal neovascularization by intra- 
anes ee bengal and argon laser irradiation Maana 

y 


preliminary evaluation of use of mussel adhesive protein 
in rimental epikeratoplasty [Robin] 973 (Jy) 

quantification of cellular proliferation in experimental 
proliferative vitreoretinopathy [Hatchell] 669 (My) 

suppression of experimental tractional retinal detach- 
ment by low-dose radiation therapy [Meredith] 673 (My) 

topical aminocaproic acid significantly reduces incidence 
of secada hemorrh in traumatic hyphema in 
rabbit model [Allingham] 1436 (Oc) 

topical ciprofloxacin treatment of Pseudomonas keratitis 
in rabbits rn 1444 (Oc) 

topical fibronectin and corneal epithelial wound healing in 
rabbit [Newton] 1277 (Se) 

transscleral neodymium-YAG cyclophotocoagulation, 
histologic study of human autopsy eyes [Hampton] 1121 
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(Au) 

Radial Keratotomy see Keratctomy, Radial 

Radiotherapy 

cutaneous malignant melanoma in survivors of heritable 
retinoblastoma [Traboulsi] 1059 (Au) 

in vitro melanoma cell growth after preenucleation radi- 
ation therapy [Kenneally] 223 (Fe) 

malignant glioma of optic chiasm 8 years after radiother- 
apy for prolactinoma [Hufnagel] 1701 (De) 

optic 73; aad in chronic lymphocytic leukemia [Cur- 
rie] 654 (My) 

photothrombosis of corneal neovascularization by intra- 
00 Gk me bengal and argon laser irradiation Eang 


suppression of experimental tractional retinal detach- 
ment by low-dose radiation Sorop7 (Morell) 673 (My) 

treatment of aggressive epidemic Kaposi’s sarcoma of 
conjunctiva by radiotherapy ( letter) [Cooper] 20 (Ja) 

Rats 

differential effect of Bordetella pertussis on experimental 
pone uveitis in black-hooded Lister rat [Stanford] 

11 (Ja 

transplantation of retinal pigment epithelial cells, scien- 

DS advance and social responsibility [Fishman] 1667 


Refraction, Ocular 

effect of diameter and depth on response to solid polysul- 
fone intracorneal lenses in cats fiimeakagal 818 (Je) 

excimer laser keratectomy for myopia with rotating-slit 
delivery system [Hanna] 245 (Fe) 

holes in clear lenses demonstrate pinhole effect [Zacharia] 
511 (Ap) 

eos lens power (letter) [Chapin] (reply) [Sommer] 

a 

long-term comparison of epikeratoplasty and penetrating 
keratoplasty for keratoconus [Steinert] 493 (Ap) 

2-year results of reoperations for radial keratotomy 
Sawelson] 497 (Ap) 

Refractive Errors 

early changes in refractive errer following radial kerato- 
tomy [McDonnell] 212 (Fe) 

X-linked retinitis ee osatese, profile of clinical findings 
[Fishman] 369 (Mr) 

Refractometry 

binocular corneal reflex in infants (letter) [Holte] 723 (Je 

clinical evaluation of photorefractor (letter) [McIntyre 
(reply) [Morgan] 1031 (Au) 

operating microscope-induced retinal phototoxicity dur- 
ing pars plana vitrectomy [McDonald] 521 (Ap) 

oxygen transmissibility, thickness, and water content of 3 
types of collagen shields [Weissman] 1706 (De) 

preschool vision arering starts at 6 months of age 
(letter) [Romano] 307 (Mr) 

protection from operating microscope-induced retinal 

hototoxicity during pars plana vitrectomy (letter) 

fFiynn] 1032 (Au) 

Regression Analysis 

adjustment sensitivity of horizontal rectus muscles in ad- 
justable strabismus surgery [Clorfeine] 105:1664 (De); 
correction, 106:313 (Mr) 

return of human corneal sensitivity after penetrating 
keratoplasty 210 (Fe) 

Reimbursement Mechanisms 

AMA President-Elect rallies ephthalmologists at AAO 
meeting [Springer] 1660 (De) 

cuts in cataract fees, other changes in Medicare budget 
[Springer] 175 (Fe) 

Harvard RBRVS study creates controversy [Foreman] 
1516 (No) 

resource-based relative value seale for physician compen- 
sation under Medicare, implications for ophthalmology 
[Frenkel] 1669 (De) 

Relative Value Scales 

AMA President-Elect rallies ophthalmologists at AAO 
meeting [Springer] 1660 (De) 

Harvard RBRVS study creates controversy [Foreman] 
1516 (No) 

resource-based relative value seale for physician compen- 
sation under Medicare, implications for ophthalmology 
[Frenkel] 1669 (De) 

Research 

analysis of ARCHIVES’ most frequently cited articles [Al- 
bert] 465 (Ap) 

animals in research and testing, who pays price for med- 
ical progress? [Smith] 1184 (Se) 

methodological considerations in glare testing in patients 
with cataracts (letter) [Prager] 1501 (No) 

ja epidemiology and Diasiatistics [Goldberg] 737 


e 
ophthalmology in Jamaica [Moriarty] 557 (Ap) 
selection of controls for clinical reseach seadies in oph- 
thalmology [Hawkins] 835 (Je) 
Research Design 
Er yee of experienced clinical observers and statisti- 
cal tests in detection of progressive visual field loss in 
Rigucoma using automated perimetry [Werner] 619 
y 


neovascularization in central retinal vein occlusion, elec- 
SaSeareeck pee findings [Jchnson] 348 (Mr) 

resource-based relative value seale for physician in, 
sation under Medicare, implications for ophthalmo ogy 
Frenkel] 1669 (De) 

Retina 

analysis of ARCHIVES’ most frequently cited articles [Al- 
bert] 465 (Ap) 

brush back-flush needle [Zivojnovié] 695 (My) 

glial epiretinal membranes and contraction, immunohis- 
tochemical and morphological studies [Hu 1280 (Se) 

W pin masses of retina [Campochiaro] 1409 

c 


hospitalization requirements after vitreoretinal surgery 
Es | eee) 767 (Je) 
increased levels of ceramide in retina of patient with Far- 


ber’s disease (letter) [Zarbin] 1163 (Se) 
inner retinal layer loss in complicated migraine (letter) 
[DuBois] 1035 (Au) 





macular holes and excellent visual acuity (letter) [Bidwell] 
1350 (Oc) 


me ar eye closure in intermittent exotropia [Wang] 
941 


F. 

multiple evanescent white dot syndrome (letter) [Aaberg] 
1162, (reply) [Hoyt] 1163 (Se) 

optic dise rim area is related to disc size in normal subjects 
(letter) [Hong] 877, (reply) [Caprioli] 878 (Jy) 

photochemical initiation of thrombosis, fluorescein angio- 
graphic, histologic, and ultrastructural alterations in 
choroid, retinal pigment epithelium, and retina [Roys- 
ter] 1608 (No) 

photocoagulation does not ablate angiogenic markers in 
rabbit retina pecan | 676 (My) 

prevention of pericyte ghost formation in retinal capil- 
laries of galactose-fed dogs by aldose reductase inhibi- 
tors [Kador] 1099 (Au) 

retinal pigment epithelial cells in culture produce retinal 
vascular mitogens [Wong] 1439 (Oc) 

retinal revascularization following laser photocoagula- 
tion treatment for choroidal neovascular membranes 
[Caskey] 1528 (No) 

serum is chemotactic for retinal-derived glial cells [de 
pni 986 (Jy) 

5 excision of attached posterior hyaloid [Han] 998 

y 


mire gta gas use in North America [Gardner] 

188 ( 

vitrortomy for traumatic retinal incarceration [Han] 640 
) 


y 

Retina Society 

survey of intraocular gas use in North America [Gardner] 
1188 (Se) 

Retinal Artery 

significance of cilioretinal arteries in primary open angle 
glaucoma [Lindenmuth] 1691 (De) 

Retinal Breaks see Retinal Perforations 

Retinal Degeneration 

abnormal axonemes in X-linked retinitis pigmentosa 
[Hunter] 362 (Mr) 

olivopontocerebellar atrophy with retinal degeneration, 
n and ocular histopathologic study [Traboulsi] 801 

e 

transplantation of retinal pigment epithelial cells, scien- 
iD) advance and social responsibility [Fishman] 1667 
(De 

Retinal Detachment see also Scieral Buckling 

acute leukemia presenting as retinal pigment epithelium 
[Tang] (letter) 21 (Ja) 

arcuate retinal folds after intraocular gas injection 
(letter) [Pavan] 164, (reply) [Lewen] 165 Fe) 

an: EA in systemic lupus erythematosus [Jabs] 230 


e 

histopathologic features of adult-onset foveomacular pig- 
ment epithelial dystrophy [Jaffe] 958 (Jy) 

hospitalization requirements after vitreoretinal surgery 
[Isernhagen] 767 (Je) 

interphotoreceptor retinoid-binding protein levels in sub- 
retinal fluid from rhegmatogenous retinal detachment 
and retinopathy of prematurity [Newsome] 106 (Ja) 

macular hole following rhegmatogenous retinal detach- 
ment repair [Brown] 765 (Je) 

macular hole secondary to pneumatic retinopexy (letter) 
[Runge] 586 (My) 

macular holes after pneumatic retinopexy (letter) [Avins] 
724 (Je) 

Mainster lens in eyes with intraocular gas (letter) [Desro- 
ches] 1649 (De) 

multicenter trial of cryotherapy for rotinopsihy of pre- 
maturity, prnuninary results [Cryotherapy for Reti- 
nopathy of Prematurity Cooperative Groupi 471 (Ap) 

multifocal idiopathic serous detachment of retinal pig- 
ment epithelium [Siegel] 845 (Je) 

perfluoropropane gas, modified panretinal photocoagula- 
tion, and vitrectomy in management of severe prolifer- 
ative vitreoretinopathy [Fisher] 1255 (Se) 

pneumatic retinopexy, surgical results [Lowe] 1672 (De) 

retinoschisis associated with optic nerve pits incoff] 61 


a 
role of breakdown of blood-retinal barrier in cell- injection 
ae of proliferative vitreoretinopathy [Sen] 1291 
e 


second potaria chamber implant (letter) [Girard] 
1502 (No 

silicone oil for proliferative vitreoretinopathy, does it help 
or hinder? [Glaser] 323 (Mr) 

suppression of experimental tractional retinal detach- 
ment by low-dose radiation therapy [Meredith] 673 ( My) 

to admit or not to admit, that is the question (letter) 
[Fleischman] (reply) [Michels] 1501 (No) 

vitrectomy for macular pucker, use after treatment of 
retinal tears or retinal detachment [de Bustros] 758 (Je) 

Retinal Dialysis see Retinal Perforations 

Retinal Diseases 

paradoxic pupill henomena, review of patients with 
pupillary constriction to darkness [Frank] 1564 (No) 

pars plana vitrectomy in management of complications of 
proliferative sickle retinopathy [Pulido] 1598 (No) 

quantification of cellular proliferation in experimental 
proliferative vitreoretinopathy [Hatchell] 669 (My) 

retinal toxicity from operating microscope, protective ef- 
fect by fovea (letter [Jaffe] 445 (Ap) 

scleral buckling of failed pneumatic retinopexy (letter) 
[Lewen] 18 (Ja) ue, a e 

serum is chemotactic for retinal-derived glial cells [de 
Juan] 986 (Jy) A 


+ 
static ope in canthaxanthin maculopathy [Harnois] 
58 (Ja) 


successful treatment of sabretinal abscess in intravenous 
drug abuser (letter) [Halperin] 1651 (De) 
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jeal decompression of branch retinal vein occlusions 


[ c] 
use af linked DNA probes for earrier detection and diag- 
“nosisof X-linked juvenile retinoschisis [Dahl] 1414 (Oc) 
Retinal Ganglion Calls see Retina 


~ Retinal Hemorrhage 
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4 focal eleccroretmogram in fellow eyes of 
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—— spherulosis in vitreous cavity [Grossniklaus] 
periphera retimal vascular lesions in patients with Gau- 
cher diseaseand factor XI deficiency (letter) [Freedman] 
1351 (Or) 
Retinal Hales see Retinal Pertorations 
Retinal Perforations 
arcuate tinal folds after intraocular gas injection 
(letter) Pavan] 164, (reply) (ILewen] 165 (Fe) 
focal electroretinogram in fellaw eyes of patients with id- 
iopathiy macular~holes po 1558 (No) 
ermac stamless steel tacks and companion inserter 
esigne for perisheral fixation of retina [O'Grady] 271 


idiopathic senile macular hole, early stages and patho- 
genesis Gass 629 (My) ; 
rhegmatogenous retinal detach- 
ir [Brown] 765 (Je) 
ar kole secondary to pneumatic retinopexy (letter) 
[angers Sey» ie 4 
sow z esa‘ter-pneumaticretinopexy (letter) [Avins] 
macular helesand excellent visual acuity (letter) [Bidwell] 
1350 (Or) 


pneumati retinopexy, surgical results [Lowe] 1672 (De) 

scleral “sty failed pneumatic retinopexy (letter) 

scleral ression to facilitate endophotocoagulation 
(letter) 1 siar] 721 (Je); correction, 1032 (Au) 

silicone of forproli®ærative vitreoretinopathy, does it help 
or hinder? [Glaser] 323 (Mr) 

vitrectomy for maeular pucker, use after treatment of 
retinal sears er retinal detachment [de Bustros] 758 (Je) 

— Epithelium see Pigment Epithelium of 

ye 

Retinal Tears see Retinal Perforations 

Retinal Vein 

central resina! vein occlusion impatient with AIDS (letter) 


spets in ere immunodeficiency syn- 

iabetes mellitus, systemic hy- 

pertensson, and central retinal vein occlusion [Mansour] 
1074 (Aw) 

early eleetroretinography in unilateral central retinal 

vein ocelusion as predictor of rubeosis iridis [Kaye] 353 


(Mr) 

followi patients with central retinal vein occlusion 
[Bresniak} 324 (Mr) 

macular srid photecoagulation, experimental study on 
primate retina [Wilson] 100 (Ja) 

neovaseularization in central retinal vein occlusion, elec- 
treretimographic findings J@hnson] 348 (Mr) 

photochemical initiation of thrembosis, fluorescein angio- 
graphic histologic, and ultrastructural alterations in 
choroid retinal pigment epithelium, and retina [Roys- 
ter] 1668 (No) : 

retinal bleod vetocity in patients with leukocyte disorders 
[Rimmer] 1548 (No) 

serpigi choroicitis with branch vein occlusion and bi- 
lateral _—— (letter) [Friberg] 585 (My) 

7s ompression of branch retinal vein occlusions 
[ rlēh] #89 (Me) 

Retinitis 

long-term intravitzeal eet for cytomegalovirus 
retinitis in patiemt with AIDS (letter) [Büchi] 1349 (Oc) 

resolution of crtomegalovirus retinitis with zidovudine 
therapr (letter) [D'Amico] 1168 (Se) 

Retinitis "igmentosa 

abnerma!l axomemes in x-linked retinitis pigmentosa 
[Hunter] 362 (Mr) 

abnermal axomemes in X-linked retinitis pigmentosa 
(letter Wf Heckenlively] 1162 (Se) 

tients with id- 
Do ame [Eh] 1558 (No) 

possible explanation of new fundus finding in Leber’s con- 

enitalamaurosis (letter) [Quigley] 1164 (Se) 

X-linked »etinitis pigmentosa, profile of clinical findings 
[Fishman] 369 (Mr) 

Retinoblastoma 

cutaneou malignant melanoma in survivors of heritable 
retinokzastema [Traboulsi] 1059 (Au) 

further seudiesof effect of vitamin D on retinoblastoma 
inkibitien with 1,25-dihydroxycholecalciferol [Cohen] 

p) : 

recent studies of retinoblastoma gene, what it means to 
ophthasmologist | Albert] 181 (Fe) 

spomtanesus pseudehypopyonesecondary to diffuse infil- 

cae gama ties Shields] 1301 (Se) 

Ver tone aiu D effective against retino- 
bkestoma? | ] 536 (Ap) 

vitamin Pand retinoblastoma, presence of receptors and 
imhibiteon efgrowth in vitro [Saulenas] 533 (Ap) 

Retinol-Binding Proteins 

pe! me: ey, mame agate protein levels in sub- 

retinalluid ‘rom rhegmatogenous retinal detachment 

. and resinopathy of prematurity [Newsome] 106 (Ja) 

Retin y of Prematurity 

ewianeofna after scleral buckling for retinop- 

' athy of ar aee (letter) [Halperin] 453 (Ap). 

interphovor tinoid-binding protein levels in sub- 
retina’ fluid “rom rhegmatoBenous retinal detachment 
and resinopathy of prematurity [Newsome] 106 (Ja) 

multicerser trial of cryotherapy for retinopathy of pre- 
maturity [Tasman] 463 (Ap) 
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multicenter trial of cryotherapy for retinopathy of pre- 
maturity, preliminary results [Cryotherapy for Reti- 

_ nopathy of Prematurity Cooperative Group] 471 (Ap) 

preza em argoes and medical news (letter) [Kutner] 879 

y 

serum is chemotactic for retinal-derived glial cells [de 
Juan] 986 (Jy) 

Reviewers 

list of reviewers for ARGHIVES OF OPHTHALMOLOGY for 
1987, 133 (Ja) 

Ricinus 

glycoconjugate abnormalities in cultured keratoconus 
stromal cells [Yue] 17@ (De) 

Risk Factors 

back to future, study looks at health care in 1990s, in fo- 
cus [Springer] 1041 (Aa) 

cataract extraction, risk factors in health maintenance 
organization population under 60 years of age [Schwab] 
1062 (Au) 

apron, err transmission and corneal transplanta- 
tion (letter) [Maguire] 877 (Jy) 

incidence of eye injuries in New England adults [Glynn] 


785 (Je) 

use of linked DNA probes for carrier detection and diag- 
nosis of X-linked juvenile retinoschisis [Dahl] 1414 (Oc) 

Robinow’s Syndrome 

lacrimal anomalies in Rabinow’s syndrome (letter) [Vila- 
Coro] 454 (Ap) 


S 


Saccades see Eye Movements 
Saccule and Utricle 
cavernous hemangioma ef optic disc (letter) [Mansour] 22 


a 
Saline see Sodium Chloride 
Saline Solution, Hypertanic see Sodium Chloride 


Salts 
balanced salt solution infusion alert (letter) [Briggs] 718 
e 

Sarcoma 

cutaneous malignant melanoma in survivors of heritable 
retinoblastoma [Traboulsi] 1059 (Au) 

Sarcoma, Kaposi’s 

angiolymphoid hyperplasia with eosinophilia (Kimura’s 
j yed g of orbit [Smith] 793 (Je) 

treatment of aggressive epidemic Kaposi’s sarcoma of 
conjunctiva by radiotherapy (letter) Cooper] 20 (Ja) 


Scalp 

orbital surgery, technique of coronal scalp flap approach 
to lateral orbitotomy [Stewart] 1724 (De) 

Scars see Cicatrix 

Schwann Cells 

breast carcinoma metastatic to eyelids [Nelson] 105:1724 
(De); correction, 106:188 (Fe) 

neurilemoma as presenting feature of neurofibromatosis 
[Bickler-Bluth] 665 (My) 

Scintillation Counting 

quantification of cellular proliferation in experimental 
proliferative vitreoretinopathy [Hatchell] 669 (My) 

Sclera 

concentration change of fluorouracil in external segment 
of eye after subconjunctival injection [Kondo] 1718 (De) 

configuration of i mal tissue in unilateral glau- 
coma [Nevarez] 901 ( Jy) 

morphology of pig retina. pigment epithelium maintained 
in organ culture [Del Priore] 1286 (Se) 

operating microscope-induced retinal phototoxicity dur- 
ing pars plana vitrectemy [McDonald] 521 (Ap) 

permeability of human cornea and sclera to sulfonamide 
carbonic anhydrase inhibitors [Edelhauser] 1110 (Au) 

protection from operating microscope-induced retinal 

hototoxicity during pars plana vitrectomy (letter) 

[Flynn 1032 (Au) 


scleral depression to ‘acilitate endophotocoagulation 
(letter) [Fisher] 721 (Je); correction, 1032 (Au) 
secondary posterior chamber implant (letter) [Girard] 


1502 (No) 

variable expressivity of autosomal dominant microcornea 
with cataract [Salmon] 505 (Ap) 

vitrectomy for traumatie retinal incarceration [Han] 640 


y 
Scleral Buckling see also Retinal Detachment 
angle closure glaucoma after scleral buckling for retinop- 
athy of prematurity (letter) [Halperin] 453 (Ap) 
arcuate retinal folds after intraocular gas injection 
(letter) [Pavan] 164, (neply) [Lewen] 165 (Fe) 
hyperbaric and transcorneal delivery of oxygen to rabbit 
and monkey anterior segment [Jampol] 825 (Je) 
macular hole following rhegmatogenous retinal detach- 
ment repair [Brown] %5 (Je) 
pars plana vitrectomy ın management of complications of 
roliferative sickle retinopathy [Pulido] 1553 (No) 
scleral buckling of failed pneumatic retinopexy (letter) 
[Lewen] 18 (Ja) 
vitrectomy for traumatic retinal incarceration [Han] 640 


y 
Sclerosis 
vitrectomy for macular traction caused by incomplete vit- 
reous separation [Smiddy] 624 (My) 
Scotoma 
acute idiopathic blind spot enlargement without optic disc 
edema (letter) [Hamed] 1030, (reply) [Hoyt] 1031 (Au) 
acute idiopathic blind spot enlargement, big blind spot 
mo aes without optic dise edema [Fletc mye (Ja) 
multiple evanescent white dot syndrome (letter) Aaberg] 
1162, (reply) [Hoyt] 1263 (Se) 
= associated with optic nerve pits [Lincoff] 61 
a 
Sebaceous Cyst see Epidermal Cyst 
Sebaceous Gland Neoplasms 
sebaceous gland carcinoma [Ross] 119 (Ja) 
Self Medication 


semantic follow-up, adherence is better term than com- 
pliance is better term than cooperation (letter) [Ro- 
mano] 450 (Ap) 

Sella Turcica 

malignant glioma of optic ehiasm 8 years after radiother- 
apy for prolactinoma [Hufnagel] 1701 (De) 

Semen 

abnormal axonemes in X-linked retinitis pigmentosa 
[Hunter] 362 (Mr) 

Serology 

serum is chemotactic for retinal-derived glial cells [de 


J uani 986 (Jy) 

Sporothrix schenckii endophthalmitis in patient with hu- 
man immunodeficiency virus infection [Kurosawa] 376 

r 

Serous Membrane 

histopathologic features of adult-onset foveomacular pig- 
ment epithelial dystrophy [Jaffe] 958 (Jy) 

Sickle Cel1 Trait see Anemia, Sickle Cell 

Siderosis 

ocular siderosis [Sneed] 997 (Jy) 

Silicone Oils 

silicone oil for apie ee vitreoretinopathy, does it help 
or hinder? [Glaser] 323 «Mr) 

Silicones 

arcuate retinal folds after intraocular injection 

_ (letter) [Pavan] 164, (reply) [Lewen] 165 Fe 

i ays va for dacryocystorhinostomy [Vila-Coro] 

y 

monocanalicular silicone intubation (letter) [Patrinely] 
579 (My) 

new Crawford hook, is it safe? (letter) [Hawes] 1648 (De) 

placement of silicone tubes during dacryocystorhinos- 
tomy (letter) [Harvey] 579 (My) 

suturing of stents after a pana try or (letter) 
[Kersten] 1165, (reply) [Anderson] 1166 (Se) 

Sinus Thrombosis 

bilateral cavernous sinus thrombosis due to mucormyco- 
sis [Johnson] 1089 (Au) 

Sinusitis 

subperiosteal inflammation of orbit, bacteriological anal- 
ysis of 17 cases [Harris] 947 (Jy) 

Sleep 

terbutaline stimulates a 
during sleep [Gharagoz 

Socioeconomic Factors 

epidemiological study of eye injuries in Brazilian children 
[Moreira] 781 (Je) 

Sodium Chloride 

effect of fluorouracil on corneal endotheluim [Mannis] 816 


eous humor flow in humans 
] 1218 (Se) 


e 

ocular dialysis, new technique for in vivo intraocular 
pharmacokinetic measurements [Ben-Nun] 254 (Fe) 
seudomonas aeurginosa corneal ulcer associated with 
aerosol can of preservative-free saline (letter) [Riordan- 


Eva] 1506 (No 

Sodium Hydroxide 

sodium hydroxide masquerading as contact lens solution 
(letter) [Mauger] 1037 (au) 


Soft Contact Lenses see Contact Lenses, Hydrophilic 

Specialties, Medical 

alternative to tort system urged by AMA, specialty soci- 
eties [Springer] 318 (Mr 

AMA President-Elect rallies ophthalmologists at AAO 
meeting [S ringer] 1660 (De) 

Harvard RBRVS study creates controversy [Foreman] 
1516 (No) 

resource-based relative value scale for physician compen- 
sation under Medicare, implications for ophthalmology 
Frenkel] 1669 (De) 

su aw fellowship treining in ophthalmology [Jones] 
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Spectrometry, Mass seo Spectrum Analysis, Mass 

Spectrophotometry 

treatment of postvitrectamy fibrin formation with in- 
traocular tissue plasminogen activator [Williams] 1055 


(Au 
Spectrum Analysis, Mass 
penetration of topically applied dexamethasone alcohol 
into human aqueous humor [Watson] 686 (My) 
Sphenoid Sinus 
bilateral cavernous sinus thrombosis due to mucormyco- 
sis [Johnson] 1089 (Au) 
Sporothrix see Sporotrichum 
Sporotrichum 
Sporothrix schenckii endophthalmitis in patient with hu- 
n immunodeficiency virus infection [Kurosawa] 376 
r 
Squint see Strabismus 
Stains and Staining 
breast carcinoma metastatic to eyelids [Nelson] 105:1724 
(De); correction, 106:188 (Fe) 
conjunctival melanoma with balloon cell transformation 
P! argo] 1653 (12) 
effect of fluorouracil on corneal endotheluim [Mannis] 816 


e 

glycoconjugate abnormalities in cultured keratoconus 
stromal cells [Yue] 1708 (De) 

heterogeneity in macular corneal dystrophy [Edward] 
1579 (No) ; 

immunohistochemical staining of human anterior seg- 
ment, evidence that resident cells play role in immuno- 
logic responses [Latina] 95 (Ja) 

neurilemoma as presenting feature of neurofibromatosis 
[Bickler-Bluth} 665 (My) 

rapid visualization of Acanthamoeba using fluorescein- 
conjugated lectins [Robin] 1273 (Se) 

sodium hyaluronate and polyvinyl alcohol artificial tear 
preparations, ones in patients with keratocon- 
junctivitis sicca [Nelsor] 484 (Ap) 

topical fibronectin and corneal epithelial wound healing in 
rabbit [Newton] 1277 (Se) 

uses of thrombin in ocular surgery, effect on corneal en- 
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dothelium [Mannis] 251 (Fe) 
Staphylococcus epidermidis ; e . 
methicillin-resistant Staphylococcus epidermidis kerati- 
tis treated with vancomycin [Goodman] 1570 (No) 
Statistics y w 
comparison of experienced clinical observers and statisti- 
tests in detection of progressive visual field loss in 
laucoma using automa perimetry [Werner] 619 


y i 
endothelial morphologic features and function after long- 
tam extended wear of contact lenses [Carlson] 16 


perimetric threshold variability and age (letter) [Heijl] 
450, (reply) [Sommer] 451 (Ap) 
Steroids 


Acanthamoeba keratitis [Moore] 1181 (Se) 

combined excision and drainage with intralesional corti- 
costeroid injection in treatment of chronic chalazia 
[Epstein] 514 (Ap) 

cytomegalovirus transmission and corneal transplanta- 
tion (letter) [M ire] 877 (Jy) 

dexamethasone inhibition of phagocytosis by corneal 
keratocytes in culture [Mishima] 978 (Jy) 

radial intrastromal lines in Acanthamoeba keratitis 
(letter) [Insler] 883 (Jy) z : i 

rix schenckii endophthalmitis in patient with hu- 
Ma immunodeficiency virus infection [Kurosawa] 376 
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Stevens-Johnson Syndrome 

goblet cell cay in thermal and chemical injuries 

_ (letter) [Brent] 722, (reply) [Ohji] 723 (Je) 

Strabismus 
justment sensitivity of horizontal rectus muscles in ad- 
justable strabismus surgery [Clorfeine] 105:1664 (De); 
correction, 106:313 (Mr) 

combined needle holder and scissors [Patel] 1472 (Oc) 

mM eye closure in intermittent exotropia [Wang] 

y 

ocular muscle fibrosis following cataract extraction 
(letter) [Kushner] 18 (Ja) 

i he reflex in identical twins (letter) [Arnold] 879 

y. 

p oxic pupillary phenomena, review of patients with 
pupillary constriction to darkness [Frank] 1564 (No) 
treatment of partially accommodative esotropia with high 
accommodative convergence-accommodation ratio 
f e) [Simonsz] 447, (replies) [Kushner, Mims] 447, 448 
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variprism, large-range variable prism for measurement of 
angle of squint (letter) [Simonsz] 1166 (Se) 

Streptococcus 

group G streptococci as cause of bacterial endophthalmi- 
tis [Berkey] 171 (Fe) 

streptococcal endophthalmitis from contaminated donor 
corneas after keratoplasty, clinical and laboratory in- 
vestigations [Baer] 517 (Ap 

subperiosteal inflammation of orbit, bacteriological anal- 
ysis of 17 cases [Harris] 947 (Jy) 

Streptococcus pneumoniae 

lacrimal anomalies in Robinow’s syndrome (letter) [Vila- 
Coro] 454 (Ap) 

Subarachnoid Space 

optic nerve sheath decompression for pseudotumor cere- 
bri [Brourman] 1378 (Oc) 

Subluxation, Lens see Lens Dislocation and Subluxation 

Substance Abuse 

successful treatment of subretinal abscess in intravenous 
drug abuser (letter) [Halperin] 1651 (De) 

Sugar Alcohol Dehydrogenases 

prevention of pericyte pa formation in retinal capil- 
laries of galactose-fed dogs by aldose reductase inhibi- 
tors [Kador] 1099 (Au) 

Sulfathiazoles i 

corneal ring formation after exposure to sulfamethox- 
azole (letter) [Gutt] 726 (Je) 

Sulfonamides 

permeability of human cornea and sclera to sulfonamide 
carbonic anhydrase inhibitors [Edelhauser] 1110 (Au) 

Sulfur Hexafluoride see Fluorides 

Sunlight 

effects of routine pupillary dilation on functional daylight 
vision [O’Connor] 1567 (No) 

Surgery, Operative 

adjustment sensitivity of horizontal rectus muscles in ad- 
justable strabismus surgery [Clorfeine] 105:1664 (De); 
correction, 106:313 (Mr) 

aqueous humor penetration of ciprofloxacin in human dy- 
namics in cats [Higginbotham] 396 (Mr) 

cellular proliferation after experimental glaucoma filtra- 
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IF DIABETES IS A 
DISEASE YOU CAN 
LIVE WITH, 


WHY DID 150.000 
- DIELAST YEAR? 


Since 1 out of every 20 people has diabetes, you prob- 
ably know someone who lives with it. 

But what you probably don’t know is what its like to 
deal with diabetes: to have to stick to a diet every single 
day; to constantly monitor your blood sugar level; or to 
take insulin injections several times daily. 

: And you probably didn’t know that diabetes can lead 
~ to other diseases, like heart disease, kidney disease and 
blindness. 
Or, that every year 150,000 die. 
Help us find a cure for diabetes. Before you know 
someone who dies from it. 
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Support the Research of the 
American Diabetes Association 


American 
Diabetes, 
-Association. 
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The University of lowa, Department of 
Ophthalmology has openings for five new 
full-time academic faculty positions for 
individuals interested in the following sub- 
specialties: 


Cornea / External Disease 
Medical and Diagnostic Retina 
Neuro-Ophthalmology / Neuroscience 
Uveitis / Immunology 

Vitreoretinal Diseases and Surgery 


Rank and salary commensurate with 
experience and credentials. Individuals 
with a commitment to clinical care, 
research, and teaching in an academic 
setting are required. 

The University of lowa is an equal 
opportunity and affirmative action 
employer. 

Interested persons are invited to direct 
inquiries and submit vitae to: 


Thomas A. Weingeist, M.D., Ph.D. 
Professor and Head 

Department of Ophthalmology 
University of lowa College of Medicine 
University of lowa Hospitals and Clinics 
lowa City, lowa 52242 


MASSACHUSETTS 
EYE AND EAR INFIRMARY 
HARVARD 
MEDICAL SCHOOL 


DIRECTOR OF 
GLAUCOMA SERVICE 

















Cullen 


S.F. Bay Area 


Opening available for general oph- 
thalmologist in a stable, well estab- 
lished practice located 10 miles 
from San Francisco. Current 
department consists of 3 general 
ophthalmologists, subspecialists in 
retina, glaucoma, pediatrics/stra- 
bismus, oculoplastics and cornea 
plus a full complement of optome- 
trists who do all refractions and 
contact lens work, and excellent 
support personnel. Guaranteed sal- 
aried positions (leading to full 
shareholdership) plus all malprac- 
tice and health insurance premiums 
paid. Benefit package includes a 
minimum of 4 weeks paid leave 
yearly, minimal call and no required 
evening or weekend hours. All 
patients and state of the art equip- 
ment supplied by the group. 


Send C.V. to: 

Richard A. Brown, M.D. 
280 W. MacArthur Blvd. 
Oakland, CA 94611 
or call (415) 596-6636 


FACULTY POSITION 
RETINA/VITREOUS 





Eye 


Institute/ 































































Massachusetts Eye and Ear Infir- 


mary (MEEI) and Harvard Medical 
School are seeking a Professor of Oph- 
thalmology to serve as Director of the 
Glaucoma Service at MEEI. The Di- 
rector will direct a large research pro- 
gram in glaucoma, administer a 
strong academically-oriented clinical 
unit, and organize an important 
teaching program. The successful 
candidate must be an outstanding 
scholar, who will lead the service to 
standards of excellence. Reply with 
curriculum vitae and statement of 
research interests to Dr. Milton Alper, 
Chairman, Department of Anesthe- 
siology, Children’s Hospital, 300 
Longwood Avenue, Boston, MA 
02115.° 


Harvard Medical School and the 
MEE are Affirmative Action/Equal 
Opportunity Employers. Women and 
minority candidates are encouraged 
to apply. 











Baylor College of Medicine 


seeking candidates for 


full-time 


a 


position in 


ReEtina/Vitreows. 


Candidates must 
fellowship training, 
certified by the ABO 
possess the prerequisit 
for 
Position includes patie 
care, active involvement 
resident education progra 
and a major commitment 
basic/clinical researc 
Applicants should send 


copy of their Curriculum 


Vitae to: 


David W. Parke II, M.D 
Cullen Eye Institute 
6501 Fannin 

Houston, Texas 77030 


have 


be 
or 
es 


Cert Pricat 1 6n. 
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ACKNOWLEDGMENT 
Clinical Ophthalmic Pharmacology 
To Whom It May Concern: 


This is to acknowledge that substan- 
tial portions of the chapter entitled 
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“Local Anesthesia,” by Sham S. Gan- 
dhi, M.D., Ph.D., published in Clinical ` 


Ophthalmic Pharmacology, edited by 
David W. Lamberts, M.D., and David E. 
Potter, Ph.D., and published by Little, 
Brown and Company (Boston, 1987) 


previously appeared in a chapter enti- | 


tled “Local Anesthetics” by Freddy W. 
Chang, 0.D., Ph.D., in Clinical Ocular 
Pharmacology edited by Jimmy D. 
Bartlett, 0.D., and Siret D. Jaanus, 
Ph.D., by Butterworth Publishers 
(Boston, 1984). 


Dr. Sham S. Gandhi, who regrets his 
use of the material without permission 
of the copyright holder, acknowledges 
that responsibility for this unfortunate 
oversight was entirely his. This state- 
ment serves as an apology and seeks 
to correct the record. 


SUBSPECIALTY 
OPHTHALMOLOGIST 
KANSAS CITY 


Fellowship trained Ophthalmologist to 
join two Board Certified Generalists 
and establish first subspeciality de- 
partment. Ultramodern office with 
state of art equipment and vigorous 
growing practice. Some general Oph- 
thalmology until subspeciality estab- 
lished. Ethical. Stimulating environ- 
ment-clinical research-40 papers pub- 
lished from our practice. Exceptional 
offer-salary, fringes, production incen- 
tive. 


Contact: 

John C. Hagan Ill, M.D., FACS 

Midwest Eye Institute of `,- ° 
Kansas City i 

2700 Hospital Drive 

North Kansas City, MO 64416 














































| Consumer 
Information 
Catalog 








Don’t 
Forget 


Send for the latest edition of the free Con- 
sumer Information Catalog. L] The Catalog lists 
over 200 selected federal publications of con- 
sumer interest on subjects like health, nutri- 
tion, federal benefits, money management. it 
The Catalog is free and so are many of the 
booklets. C Just send your name and address, 
no strings attached. Write today: 








Consumer Information Center 
Department DF 
Pueblo, Colorado 81009 
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(prednisolone acetate 1%, gentamicin sulfate 3 mg/mL base) 
Liquifilm® sterile ophthalmic suspension 


DESCRIPTION: Pred-G Liquifilm sterile ophthalmic suspension is a topical anti-inflam- 
matory/anti-infective combination product for ophthalmic use. Chemical Names: Pred- 
nisolone acetate: 118,17,21-Irihydroxypregna-1,4-diene-3,20- dione 21-acetate. Gentamicin 
sulfate is the sulfate salt of gentamicin Cy, gentamicin Co, and gentamicin Cya which are 
produced by the growth of Micromonospora purpurea. Contains: prednisolone acetate 
(microfine suspension) 1.0%, gentamicin sulfate equivalent to 0.3% gentamicin base with: 
Liquifilm® (polyvinyl alcohol) 1.4%; benzalkonium chloride 0.005%; edetate disodium; 
hydroxypropyl methylcellulose; polysorbate 80: sodium citrate, dihydrate; sodium chloride: 
sodium hydroxide and/or hydrochloric acid to adjust the pH; and purified water. CLINICAL 
PHARMACOLOGY: Corticosteroids suppress the inflammatory response to a variety of agents 
and they probably delay or slow healing. Since corticosteroids may inhibit the body's defense 
mechanism against infection, a concomitant antimicrobial drug may be used when this 
inhibition is considered to be clinically significant in a particular case. The anti-infective 
component in Pred-G is included to provide action against specific organisms susceptible 
to it. Gentamicin sulfate is active in vitro against Susceptible strains of the following micro- 
organisms: Staphylococcus aureus, Group A beta-hemolytic and non-hemolytic 
Streptococci, Streptococcus pneumoniae; Escherichia coli, Hemophilus influenzae, 
Klebsiella/Enterobacter species, Neisseria species, Pseudomonas aeruginosa, Serratia 
marcescens. When a decision to administer both a corticosteroid and an antimicrobial 
is made, the administration of such drugs in combination has the advantage of greater 
patient compliance and convenience, with the added assurance that the appropriate dosage 
of both drugs is administered. When both types of drugs are in the same formulation, 
compatibility of ingredients is assured and the correct volume of drug is delivered and 
retained. The relative potency of corticosteroids depends on the molecular structure, con- 
centration, and release from the vehicle. INDICATIONS AND USAGE: Pred-G suspension 
is indicated for steroid-responsive inflammatory ocular conditions for which a corticosteroid 
is indicated and where superficial bacterial ocular infection or a risk of bacterial ocular 
infection exists. Ocular steroids are indicated in inflammatory conditions of the palpebral 
and bulbar conjunctiva, cornea, and anterior segment of the globe where the inherent risk 
of steroid use in certain infective conjunctivitides is accepted to obtain a diminution in edema 
and inflammation. They are also indicated in chronic anterior uveitis and corneal injury 
from chemical, radiation, or thermal burns or penetration of foreign bodies. The use of 
a combination drug with an anti-infective component is indicated where the risk of superficial 
ocular infection is high or where there is an expectation that potentially dangerous num- 
bers of bacteria will be present in the eye. The particular anti-infective drug in this product 
is active against the following common bacterial eye pathogens: Staphylococcus aureus, 
Group A beta-hemolytic and non-hemolytic streptococci, Streptococcus pneumoniae, 
Escherichia coll, Hemophilus influenzae, Klebsiella/ Enterobacter species, Neisseria 
species, Pseudomonas aeruginosa, and Serratia marcescens. CONTRAINDICATIONS: 
Epithelial herpes simplex keratitis (dendritic keratitis), vaccinia, varicella, and many other 
Viral diseases of the cornea and conjunctiva. Mycobacterial infection of the eye. Fungal 
diseases of the ocular structures. Hypersensitivity to a component of the medication. (Hyper- 
sensitivity to the antibiotic component occurs at a higher rate than for other components.) 
Pred-G suspension is always contraindicated after uncomplicated removal of a corneal foreign 
body. WARNINGS: Prolonged use may result in glaucoma, with damage to the optic nerve, 
defects in visual acuity and fields of vision, and in posterior subcapsular cataract forma- 
tion. Prolonged use may suppress the host response and thus increase the hazard of 
secondary ocular infections. In those diseases Causing thinning of the cornea or sclera, 
perforations have been known to occur with the use of topical steroids. In acute purulent 
conditions of the eye, steroids may mask infection or enhance existing infection. If these 
products are used for 10 days or longer, intraocular pressure should be routinely moni- 
tored even though it may be difficult in children and uncooperative patients. Employment 
of a steroid medication in the treatment of patients with a history of herpes simplex requires 
great caution. Pred-G is contraindicated in patients with active herpes simplex keratitis. 
Pred-G Liquifilm sterile ophthalmic Suspension is not for injection. It should never be injected 
subconjunctivally, nor should it be directly introduced into the anterior chamber of the eye. 
PRECAUTIONS: The initial prescription and renewal of the medication order beyond 20 
milliliters should be made by a physician only after examination of the patient with the aid 
of magnification, such as slit lamp biomicroscopy and, where appropriate, fluorescein 
Staining. The possibility of fungal infections of the cornea should be considered after 
prolonged steroid dosing. ADVERSE REACTIONS: Adverse reactions have occurred with 
Steroid/anti-infective combination drugs which can be attributed to the steroid compo- 
nent, the anti-infective component, or the combination. Exact incidence figures are not 
available since no denominator of treated patients is available. Reactions occurring most 
often from the presence of the anti-infective ingredient are allergic sensitizations. The reac- 
tions due to the steroid component in decreasing order of frequency are: elevation of intra- 
ocular pressure (IOP) with possible development of glaucoma, and infrequent optic nerve 
damage; posterior subcapsular cataract formation; and delayed wound healing. Secondary 
Infection: The development of secondary infection has occurred after use of combinations 
containing steroids and antimicrobials. Fungal infections of the cornea are particularly prone 
to develop coincidentally with long-term applications of steroid. The possibility of fungal 
invasion must be considered in any persistent corneal ulceration where steroid treatment 
has been used. Secondary bacterial ocular infection following suppression of host responses 
also occurs. DOSAGE AND ADMINISTRATION: Instill one drop into the conjunctival sac 
two to four times daily. During the initial 24 to 48 hours, the dosing frequency may be 
increased if necessary. Care should be taken not to discontinue therapy prematurely. Not 
more than 20 milliliters should be prescribed initially and the prescription should not be 
refilled without further evaluation as outlined in PRECAUTIONS above. HOW SUPPLIED: 
Pred-G™ (prednisolone acetate 1.0%, gentamicin sulfate—0,3% base) Liquifilm® sterile 
ophthalmic suspension is supplied in plastic dropper bottles in the following sizes: 5 mL— 
NDC 0023-0106-05; 10 mL—NDC 0023-0106-10. Note: Store at room temperature. Avoid 
excessive heat, 40°C (1040F) and above. Protect from freezing. Shake well before using. 
Caution: Federal law prohibits dispensing without prescription. 
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Full-time academic positions are available in Cornea/¢ 
External Disease and Uveitis at Indiana University Scho 
of Medicine, V.A. Hospital, and Wishard Hospital, at the 
level of Assistant Professor. Responsibilities include 
resident and medical student teaching, clinic and private 
patient coverages and research. Requirements include 
eligibility for licensure in Indiana and Board certification. 
Individuals should have fellowship training in their 
sub-specialty from a fully accredited institution. 


Indiana University is an Equal Opportunity and Affirma- 
tive Action employer. Send C.V., and list of references 


Robert Yee, M.D. 

c/o Sandra Eads 

Indiana University 

Department of Ophthalmology 
702 Rotary Circle 

Indianapolis, Indiana 46223 
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